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TRANSLATORS PREFACE 


In this translation it has been deemed undesirable in most cases to 
convert the metric weights and measures into those of the English system, 
but, in general, prices are given in British currency, twenty-five lire being 
taken as the equivalent of one pound sterling. Where quantities are given 
in tons, the latter are to be read as metric tons of 1000 kilograms or 
2204' 6 lb. avoirdupois. 

The abbreviations employed for the different units of weights and measures 
are those in common use, and temperatures are expressed in degrees Centigrade 
in all cases. 


Thomas H. Pope. 



PREFACE TO THE THIRD ITALIAN EDITION 


The second edition of this treatise, which aiipeared in 1913, has bet^n 
exhausted for over two years, while the Spanish and English \'ersions iiavc 
also been completely sold. The publication of this new edition has btaai 
delayed owing to the vicissitudes of the war, which, although a[)]>artuitly 
at an end, has left industrial, commercial and social upheaval behind it. Tlu^ 
most serious and urgent problem now preoccupying all so-tailled eivilist'd 
countries is that of production, which should lead to tlu‘ rtipid Yccowry <»f 
the wealth and reserves destroyed by the monstrous conflict which saeritieial, 
on the altar of international imperialism, upwards of fifteen millions of human 
hves. 

A clamant need is the speedy transformation of the improviseil and super- 
fluous industries of war into peace industries. Never before have tlu' interests 
of humanity imposed such serious tasks on the technologist, particularly on 
the chemist. 

The aid of science is necessary in order to arrive, as rapidly and economically 
as possible, at the most intense production of the materials furnislual by naturt^ 
and consumed by society. This is necessary in the interests of all, since, 
even when the legitimate restlessness of nations sacrificed by th(‘, dominating 
castes shall have resulted in a new social order, less barbarous, less i*haoti<; 
and less unjust than that now in force, increased output will be more tluiu 
ever of importance for the welfare of the new humanity. 

In this edition, from which new English, French and Spanish editions 
are being prepared, account is taken of the industrial progress in the various 
branches of chemistry and of statistical data up to the end of tlu^ y'ear 1!U3. 

For the period of the war, only data referring to Italy can be guai’anit^ed. 
The statistics and prices for the years of w’ar are of transitory im])ortam;(* 
and are recorded as curiosities reflecting the abnormalities of" this historic 
period. Fiscal tariffs cannot be given, since in all countries these have umitu'- 
gone change and will not be systematised for some time yet. 

The Author. 

Milan. 
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PREFACE TO THE FIRST ITALIAN EDITION 


A NEW treatise on Organic Chemistry might, in view of the existence of the 
excellent works of Bernthsen and HoUeman, be considered superfluous. 

Both of these books, which differ little in the manner in which the subject 
is developed, are, however, confined to a theoretical and systematic exposition 
of the many organic compounds, the industrial side of the question and the 
applications of these compounds being almost entirely neglected. It is hence 
difficult for the student to ascertain wdiich of the thousands of substances 
described are really of practical importance. 

Modern teaching of chemistry adheres in a too one-sided manner to the 
old but fruitful idea of Liebig, that “ to obtain a sound practical man it is 
necessary to train a good theorist.” This conception was taken too literally, 
although it gave good results when chemical industry Avas in its infancy, 
since in those days any theorist could easily introduce new and important 
methods. But to-day, when the industry has attained the adult stage — has 
advanced to such an extent and become so varied and complex, being stimulated 
incessantly by keen national and international competition, which demands 
rapid changes and improvements — the valuable time of the young technician 
cannot be wasted in a protracted and sometimes sterile apprenticeship. 
Present-day conditions require, therefore, some such expansion of Liebig’s 
maxim as the following : In order to produce, rapidly and with increased 
certainty, a sound, practical man, it is necessary to train a good theorist and 
to initiate him into both the theoretical and the practical study of the more 
salient industrial problems. 

It does not suffice that the young chemist, about to begin his industrial 
or teaching career, should have a thorough knowledge, for instance, of the 
various syntheses and constitutional formulsc of the sugars. He should also 
be acquainted with at least the general outlines of the industrial processes 
and of the technique of the manufacture of sugar, beginning with the slicing of 
the beets and proceeding to the exhaustion of the pulp, defecation, saturation, 
filtration with filter-presses, boiling, and vacuum concentration in multiple- 
effect a]3paratus, refining and centrifugation of sugar crystals, utilisation of 
residues, and so on. He should, indeed, understand the plant and chemical 
processes of the more important industries, as these often find application in 
the manufacture of products of a secondary or entirely new character. 

What would avail a study of the wonderful artificial colouring-matters 
derived from coal-tar, with the inexhaustible syntheses composing their theo- 
retical basis, if it were limited to a simple mnemonic exercise for the student 
and no notice were taken of the interesting practical applications to the dyeing 
of the various textile fibres ? 

Nor should the young student ignore statistics of production ; he should 
be able to appreciate the importance of variations in the exportation and 
importation of the principal chemical products, and to judge of the economic 
and social conditions mth which such Variations correspond. 

After a brief novitiate, he should be in a position to point out the more 

vii . 



viii PREFACE TO THE FIRST ITALIAN EDITION 

striking technical defects and the more marked difficulties met \nth in ]>ar- 
ticular industrial proeesses and to suggest rational and not fanciful renualies. 

It is this space, the vacant region representing a suitable fusion of theo- 
retical with applied chemistry, which requires filling. This I have attein]>te(I 
in the present work, which of itself is certainly insufficient to cover the -whoh^ 
of the ground. 

The difficulties encountered in preparing the volume on Inorganic 
Chemistry are multiplied in dealing with Organic Chemistry, and this is tlu' 
case as regards the collection and confirmation, not only of the statistical 
data but of the chemical processes giving the best results in practice. I'or 
in any particular industry it has often been found that tlie results of investi- 
gations are in such disaccord with the practical data as to render it a matter 
of great uncertainty what conclusions should be presented to the reorder. 

Inquiries addressed to manufacturers resulted in aggravation of this 
uncertainty, what was confirmed on the one hand being denied on the other, 
and plant guaranteed by one firm to be the best being decried by a eom])eting 
firm. It hence became necessary to apply directly to the operatives work in o; 
a given process and to draw conclusions from the w’hole of the data and 
information thus obtained. 

It is thus that readers may explain the contradictions betw'cen diffiaxmt 
authorities on one and the same subject, and also the fact tliat tlu' (‘ondusions 
reached by the author with reference to certain industrial processes an' not 
always in accord with those given in other treatises. 

The intention has certainly not been to prepare a com])]et(‘ tn^atist' on 
technological chemistry and still less on chemical technology. Thv work 
having to be restricted within limits of space approximating to'those of voL i, 
the author has descended to details only with some of the principal indust ric's 
and especially with those best adapted to give a general idea of the dilleiHmi 
applications of chemical processes and of chemical technics. 

^ To this end the author has dwelt preferably on the industries of illumiu- 
ating gas, sugar, alcohol, beer, acetic acid, dyeing, textile fibres fats and 
soaps, explosives, etc. 

From these examples the student may gather much instruction annlieabh' 
to many other industries not dealt with in detail. 

Repetition has been avoided and time and space saved by fr('{}uent 
ences to arguments already developed in vol. i, hiorganic Chetnhtn/. 

Advice and collaboration are desired from readers and colieatnies in ord(‘r 
that gaps in the present work may be filled and inaccuracies ami (kitnis 


Milan. 


E. Molinakl 
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PART I. GENERAL 


In VoL I. of this treatise ^ is given a brief summary of the history of chemistry 
and of those portions of physico-chemical theory which are necessary for the 
interpretation of chemical phenomena. 

Hence, this course of organic chemistry assumes in the reader a knowledge 
of the fundamental chemical laws and ideas, methods of determining molecular 
weights, and so on. 

The separate treatment of the carbon compounds, which is termed organic 
chemistry^ is a purely didactic convenience and somewhat of a habit, there 
being no sound foundation to justify a distinction between organic and inorganic 
chemistry. 

This division of the subject dates back to the time of Lemery, who, in 
] 075, regarded the substances of the animal and vegetable kingdoms as distinct 
from those of the mineral kingdom, and to 1820, when Berzelius justified the 
separation by stating that the preparation of organic compounds required the 
intervention of vital force, whilst inorganic compounds could be prepared 
artificially in the laboratory. This view was, however, abandoned when, in 
1828, Wohler succeeded in preparing urea (found in urine) from inorganic 
material in the laboratory, and when, later, acetic acid was prepared arti- 
ficially. Subsequently, the number of so-caUed organic compounds obtained 
synthetically has increased almost without limit. 

There exists to-day no reason for a distinction between organic and inorganic 
compounds; the first comprise a group of carbon compounds embracing an 
immense number (over 150,000) of substances, which exhibit certain common 
characters and arc conveniently studied by themselves. 

It had already been recognised by Lavoisier that all so-called organic 
compounds, originating in organised bodies, contain carbon, hydrogen, and 
oxygen, and that many of them, especially those of the animal kingdom, 
contain also nitrogen and sometimes sulfhur, phosphorus, halogens, and metals. 

The study of organic compounds is as old as the human race, which, from 
the most remote times, has prepared alcohol and acetic acid from vegetable 
juices (the must of the grape and other fruit, etc.). 

After the discoveries of Lavoisier and the investigations of Berzelius, 
organic chemistry began to acquire special importance, and Liebig, by intro- 
ducing simple and exact methods for the analysis of organic compounds, 
rendered most valuable help to the wonderful theoretical and practical develop- 
ment which has been shown by this branch of chemistry during the past fifty 
years, and which has been largely responsible for the impulse given to progress 
and civilisation in the nineteenth century. 

In order to study the innumerable derivatives of carbon, to be able to obtain 
separate individuals and to characterise them by means of their chemical and 
physical properties, then to group and classify them and to deduce in a more 
or less general way the laws they obey, it was necessary to isolate and prepare 
in the pure state these separate chemical individuals. 

1 M Molinari, “■ lnor|fam(( (Ihemistry ” ; translated by T. H. Pope, 1920. 
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PURIFICATION OF ORGANIC SUBSTANCES 

The purification of organic substances is not so easy to effect as inigiit ai ilrsi apj^ear. 
Pure substances are characterised by certain physical constants (hoiling-poiiff, nu'lting- 
point, crystalline form, etc.), which serve to show if a substance is in a suiiahh* etuidition 
for chemical analysis. 

The chemical processes of punfimlion may be deduced from the clu'mical properfits 
of the substances themselves, as described in Parts IF and IH of tliis treatise; gtunn'al 
physical methods effect piinfimtion hj meam of 6- u if able solrenf,'^ (water, ah‘uhol, (‘iher, 
light petroleum, acetic acid, benzene, acetone, chloroform, carbon disulphid(\ etc.), which 
separate certain substances from others more or less soluble; or, in many cases, purilica- 
tion is brought about by cri/sfa-IUsation, a solution of the impure substanec in a suitabh* 
hot solvent depositing~on gradual cooling or partial evaporation of tiie st)Ivetit-->the 
pure substance in characteristic and well-detined crystalline forms, which may be controlled 
by measuring the angles and determining the axial ratios of the crystals. 

Impurities separate sometimes before and sometimes after the crystallisation of tfie 
substance under examination, so that recourse is had to fractional cry,s(allmili(m, which, 
when repeated, may give oxcellont results. 

In certain cases, substances are purified by suhliniationf When ]>urc, a liipiid lias n 
constant hoiUmj-jpoint ioi a definite pressure (Vol. T., p. 85), and this is determined by 

Ulling the liquid in a flask with a lateral tub(‘, a th('rmomct<‘r bciim 
arranged in the neck of the flask without its bulb dipping into the 
boiling liquid. The temperature of the vaiwur gives tlu‘ hoiling-fxiint 
of the liquid; the vapour escapes from the side-tuhi' an<l is comlcnsed 
by means of a Liebig's comletmr, formed of an im^liucd glass tube 
siiVrounded by a mder tube through which watiT <‘irculat(‘H from th<‘ 
lower to the upper end (Fig. 2). 

The boiling-point of a very small (piantity of substance mav b(‘ 
accurately determined by means of the arrangemi'iit shown in Fii. : 
a few drops of the liquid are introduced into a small tulie, {‘losed at 
the bottom and drawn out into a narrowed part. Into the H({ind dips 
a capillary tube, sealed at the point a by fusing the gla.ss. I’he tulx' is 
attached to the thermometer, c, and the whole immerH<‘d,to the depth 
of a few centimetres, in a liquid having a boiling-jKiint IngluT tliun 
that of the liquid under examination. Heat is now gradually appli(al, 8uperh(‘ating being 
prevented by the air-bubbles issuing from the lower end of the cajiillary tubt* When 
the boiling-point is reached, bubbles form very rapidly at the bottom of Nu' liquid and 
the boiling-point is read off on the thermometer. 

CertEun substances which readily decompose on boiling at the ordinary pressuiv mn 
be distilled unchanged at a constant, but somewiiat lower, tmnpcratiire b'v lowerin'' the 
pressure, ». s., by distilUng in a vacuum (we lalor). For this puriiose use is iimdi.'''o( a 
mercury or water pump (Sjircngcl), 

When two liquids arc mixed, they may be seiwated almost completely by fn„-l!,m,l 
dtsiillaUon, if there is a wide interval of temperature betwe(‘n th(‘ir boiling-points In 
consequence of the partial pressure of the components, at different tempenituiVH 'mix. 
tures distil over which contain varying propoitions of these ooraixments; the liouid with 
the lower boihng-point first preponderates in the distillate, while at higher temperatures 
that with the higher boihng-point predominates. On repeatwl i-Hlistillation of th<. two 
extreme fractions separately, the two liquids may be obtained in the pure state 1 n eertniii 
cases, however, a mixture of two liquids docs not exhibit a regular pn>Kre.ssi„n in the 
vapour pressure corresponding with tlie preponderance of one' or ('thm- of thi- two 
components. There are, indeed, liquids which, when mixed in certain proportions show 
a mimmum vapour pressurse-lower even than that of the less volatile compiment whilst , 

to vapour on gentle heaLg and from tL state ^f va^r ^ h^X 

carried out in a vacuum. 1 S* h ^ some (.a.scs, tht* subhttiatum ih 
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RECTIFICATION 8 

on the other hand, a mixture of two liquids sometimes has a vapour pressure greater than 
that of its more volatile constituent ; the two liquids cannot then be separated by fractional 
distillation, especially when their boiling-points are not far apart.^ In these cases good 



Fia. 2. Fig. 3. 

results arc obtained practically by employing so-called rectification^ this consisting in 
distilling tlio liquid mixture through a Le Bel and Henninger (1874) rectifying tube 
(Fig. 4), which is fitted at regular intervals with discs of 
platinum gauze, and above these takes the form of a series of 
two or more bulbs, a lateral tube being so placed as to lead 
the liquid condensing in any bulb baek to the bulb below it. 

When the liquid boils, the mixed vapours pass up the tube 
and meet the first gauze disc, where the vapour* of the loss 
volatile liquid is condensed in greater proportion than the 
other, so that the vapour reaching the second gauze is richer 
in that of the more volatile liquid; a similar process occurs 
at the successive gauzes and in the bulbs above them, so 
that the vapour passing through the uppermost bulb is that 
of the more volatile liquid, and this passes down the side- 
tube (at the mouth of which the thermometer is placed) to 
the condenser. Puring this rectification the cooling produced 
by the outer air and the consequent condensation of the 
vapours result, in the rectifying tube, in a stream of liquid 
flowing down the walls of the tube ; this liquid film meets 
the ascending vapours and gives up to them its more volatile 
constituent and takes up from them their less volatile com- 
ponent, so that only the vapour of the more volatile liquid 
reaches the top of the tube, while the less volatile liquid is 
returned. 

Similar results are obtained by HempeVs rectifying column (1881), which is filled with 
glass beads (Fig. 5). With this also the phenomenon of rectification which goes on often 

^ Theory of Fractional Distillation. We shall see later the relations existing between the 
boiling-point and the composition and chemical constitution of organic substances (homologous 
series, isomerides, etc.). Of interest at the present juncture is the behaviour on distillation of 
a mixture of two liquids which dissolve one in the other in all proportions. 

According to Wanklyn and Berthelot, when a mixture of equal weights of two liquids is 
distilled, the proportions of the two in the distillate depend not only on their proportions in 



Fig. 4. Fio. 5. 
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permits of the separation of liquids with boiling-points quite close together. Tins 
phenomenon has important applications in the alcohol industry {see hler), m the inanu- 
facture of oxygen and nitrogen from liquid air, in the preiwation of liquid sulphur dioxi e 
(Vol. T., pp. 280 and 340), and in many other industries. 



In many cases substances (liciuid or solid) are purified by distillation in a current of 
steam, certain of them being volatile under l^hese conditions even when their boiling- 
points are above that of water; in the distillate the substance often separates owing to 
its insolubility in water. An arrangement used in the laboratory is shown in Pig. 6, steam 
being generated in A and passing through the substance to be 
distilled in the flask, B, which may ho heated directly with a 
flame. 

In some instances the distillation is effected by means of 
siLperhedied steam (150*^ to 350°), wliich is obtained by passing 
steam through a coil of iron or copper tubing heated with a 
bunsen burner (Fig. 7). 




Fig. 7. 


Fig. 8. 


A number of substances decompose when heated at the ordinary pressure, whilst 
distil unchanged in a more or less perfect vacuum, owing to a marked lowering 


rinal liquid and on their vapour pressures at the boiling-point of the mixture itself, but 
the reciprocal adhesion of the constituent liquids and on their vapour densities. When a 
two miscible liquids, in equal weights, is distilled, the quantity of each component 
Is may (disregarding certain exceptions) be calculated by multiplying the 
pressure (at the boiling-point of ti vapour densitv. Ken nr* ' t be 

stood how, in some cases, the less 
distil 
e con 
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boiling-point. Of the many different forms of apparatus employed in the laboratory for 
this purpose, that of Bredt is illustrated in Fig. 8. An ordinary thick-walled distilling 
flask, A, is used, its side-tube being connected with the condenser a and with the collecting 
apparatus, which consists of a flask, d, and three tubes, e, of thick glass, and is joined to 
the condenser by means of a perforated stopper; the pump by which the air is withdrawn 
from the whole apparatus is connected with the tube c, which communicates also with 
a manometer to show the extent of the vacuum attained. Superheating and consecpient 
bumping of the liquid are avoided by the insertion of the tube h, the lower end of which 
is drawn out to a capillary and dips below the surface of the liquid, while the upper end 
is closed with a piece of rubber tubing fitted with a screw-clip; by means of this tube, into 
which also the thermometer may be introduced, a slow current of air or other inert gas, 
controlled by means of the screw-clip, is allowed to bubble through the liquid during the 
distillation. The flask is heated in a bath of oil or fusible alloy, and, if the distillate is 
very dense, no water need be 2 )asscd through the condenser. The first portion distilhng 
over at a definite temperature is collected in d, and when the temperature rises suddenly, 
the collecting apparatus is rotated so that the distillate is collected in one of the tubes, e ; 
when the thermometer no longer indicates a constant temperature another of the tubes, e, 
is employed, and so on. ^ 

MELTING-POINT. Whilst with liquids the boiMng-point is generally used as a 
criterion of purity, for solids the melting-point is mostly employed for this purpose, and 
in certain cases also the boiling-point. So long as the substance is impure, the melting- 
point is usually too low. The melting-point is determined by introducing a few centigrams 
of the substance into a very narrow, almost capillary glass tube, closed at the bottom 


substances with higher boiling-points (ethereal oils, naphthalene, etc.) to distil, since, although 
the latter have low vapour pressures, their molecular weights are high. 

Of frequent occurrence are mixtures of two miscible (one in maximum or minimuni ratio 
to the other) liquids, which, on distillation, do not separate, but distil together in unaltered 
proportions at constant temperature. Thus, 16 parts of alcohol and 84 of CCI4, boil at 64-9°, 
and 32 parts of alcohol and 68 of benzene at 67*8°; if 69*8 parts of CCI4 (b.-pt. 76*4°) are 'added 
to a mixture of 12 parts of alcohol with 32*2 of benzene, which begins to boil at 67*8°, the boiling- 
point of the ternary mixture falls to 65*8°. Further, alcohol, water, and benzene in certain 
proportions yield a ternary mixture which boils at a lower temperature than any of its separate 
components and camiot be separated into the latter; if, however, excess of benzene is added, 
repeated distillation yields the benzene and water together with part of the alcohol, so that pure 
alcohol finally remains (Young, 1894 and 1902; Kablukov, Solomonov, and (Saline, 1903; 
Golocletz, 1912) . A mixture of 31 per cent, of acetic acid (b.-pt. 118°) with 69 per cent, of toluene 
(b.-pt. 110*4°) boils completely without separation at 104°. With 2 per cent, of acetic acid, 
benzene (b.-pt. 80*4°) forms an inseparable mixture boiling at 80°, which is the minimal boiling- 
point for benzene-acetic acid mixtures. E to 100 grams of the above toluene-acetic acid mixture 
are added 1800 grams of benzene (rather more than is required to give a henzene-acotic acid 
mixture with 2 per cent, of the acid), the liquid commences to boil at 79*6°, and up to 81*8° 
1900 grams distil, containing always about 1*85 % of acetic acid, the residue consisting of 31 grams 
of 'pure toluene. Toluene containing 19*6 per cent, of water boils unchanged at 84*1°, and if 
67 grams of water are added to 400 grams of the above toluene-acetic acid mixture, distillation 
yields in succession, (1) between 84° and 86°, 355 grams containing all the toluene and about 
4 per cent, of acetic acid, which is separable by a further distillation, (2) about 28 grams of 
65 per cent, acetic acid, and (3) about 82 grams of 95 to 98 per cent, acetic acid, about one-half 
of this being of 100 per cent, strength. A mixture of 60*5 grams of benzene, 242 grams of toluene, 
and 39*5 grams of methyl alcohol (the last gives -with 60*5 per cent, of benzene a mixture boiling 
unchanged at 58*35°) yields at 58*2° to 59*8°, 94 grams containing methyl alcohol and benzene 
in the above ratio, and at 110°, 228"grams of pure toluene. From a mixture of benzene and 
methyl alcohol, pure benzene may be separated by distillation in presence of carbon disulphide. 

On distilling a mixture of two liquids not soluble one in the other, the corresponding vapours 
do not influence one another, and the total pressure of the vapours is given by the sum of the 
pressures of the two liquids at the temperature of distillation. The hoihng -point of the mixture 
is the temperature at which the sum of the vapour pressures of the components equals the 
atmospheric pressure ; it should be mentioned that the boiling-point of such a mixture is neces- 
sarily lower than that of the more volatile liquid, since here also Dalton’s law of 'partial pressures 
(VoL I., pp. 73, 619) holds. Naujnann (1877) showed that, in the vapour distilling from such a 
mixture, the ratio between the volumes of the components corresponds with the ratio between 
the vapour pressures of the two liquids at the boiling-point of the mixture; hence the weights 
of the two components are obtained by multiplying these ratios by the corresponding densities 
(or molecular weights). By means of this rule, Naumann succeeded in determining the mole- 
cular weights of various substances simply by distilling mixtures of them. A mixture of water 
and isoamyl alcohol (b.-pt. 135°) has a constant boiling-point of 96°, and distils continuously 
in the ratio of two volumes of water and three volumes of the alcohol. 
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(Fig. 9), the tube being attached to the bulb of a thermometer dipping into a beaker of 
concentrated sulphuric acid, oil, or paraffin wax, which serves to transmit heat to the 
substance. A small glass stirrer serves to prevent superheating of the liquid, and, when 
the substance is pure, it melts entirely within a degree and generally becomes transparent. 
When the temperature of the bath approaches the melting-point, the flame is lowered and 
the bath heated gently so that the temperature rises half a degree every four or five seconds ; 
only in exceptional cases should rapid heating be continued.^ 

To determine the melting-point of a fat, a tube drawn out to a capillary and sealed 
at the lower end (Fig. 10a) is held in an inclined position, and one or two drops of the fused 
and filtered fat introduced into the enlarged part (Fig. 10a, A). When the fat is solidified, 
the tube is kept in a cool place for twenty-four hours, after which it is attached vertically 
to the bulb of a thermometer; it is then heated in a suitable bath, note being taken of 
the temperature at which (1) fusion begins, (2) the fat flows down and obstructs the 
capillary (Fig. 106), and (3) the completion of fusion is indicated by the entire liquefaction 
and transparency of the fat. 



Fig. 10. Fig. 11. 


The melting-point of a fat may also be determined by drawing it in the fused condition 
:o a capillarv tube blown out af, fha ^ t—n- t • i ■ •. 


hen tne tat begins to melt it flows into the lower part of the bulb (Fig. 11 A 6, 
ew), and when it is completely fused it becomes transparent. 

For fats and paraffin waxes, or waxes in general, and for soft fats (for example, lubricants) 
especially, an important determination is that of the dropping-point, which is carried out, 
according to Ubbelohde’s method (1905), by fiUing with the fat a glass capsule, e (Fig. 12 ’ 
natural size), 10 mm. long and 7 mm. wide, with an orifice 3 mm. in diameter in the base; 
a very small thermometer bulb is immersed in the fat and the capsule then affixed to the 
thermometer with a metal sheath having an aperture at c, and three points, d, which 


Exact determinations require correction of the thermometric reading to allow for the 
“®rcury and glass of that part of the thermometer not immersed in 
melting-point, t, is to be increased by na {t — q), where n ~ 
0*000160 (the mean cubical expansion of mercury in an ordinary glass tube), a is the number of 
degrees between the surface of the heated liquid and the top of the mercury column and L the 
air temperature about half-w^ay up the mercury column ^ 

' If the indioated meltmg-pomt is 80“ (i),‘ while the thermometer dips into the 
tTmih™ columfis“w bn tl, “ ~ temperature hVway up 
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determine the position of the capsule; the thermometer is then fixed in a test-tube 4 cm. 
in diameter, dipping into a beaker of water, which is heated so that the temperature rises 
one degree per minute. At the orifice of the capsule a drop begins to form at a certain 
time, and when this falls the temperature is read, and is usually corrected by subtracting 
0-5° to obtain the reed instead of the apparent dropping-point. 

This method has been adopted for the examination of lubricating oils supplied to the 
Italian. navy and railways. 

The specific gravity of liquids also serves to determine their purity, and the various 
forms of apparatus used for measuring it are described in Vol. I., p. 75. 


ANALYSIS OF ORGANIC SUBSTANCES 

As will be seen later, many so-called organic substances are composed 
of carbon and hydrogen combined in various proportions ; a large number of 
them contain also oxygen, while nitrogen is often present and sometimes 
sulphur, halogens, metalloids, and metals. 

Analysis of these compounds may be merely qualitative, when only a know- 
ledge of the constituent elements is required, or it may be quantitative, when 
the percentage amount of each of the elements present is 
determined. 

QUALITATIVE COMPOSITION. When organic substances are 
heated on platinum foil they either burn with a flame or leave a 
carbonaceous residue. The presence of carbon and hydrogen may be 
demonstrated by heating a little of the substance, mixed with cupric 
oxide, in a test-tube fitted -with a delivery tube, the gas evolved being 
passed into a clear solution of barium hydroxide : if the latter becomes 
turbid, owing to the formation of barium carbonate, the presence of 
carbon is proved, and if drops of water condense in the cold upper 
part of the tube the substance must contain hydrogen. 

The presence of nitrogen may, in many cases, be shown by the smell 
of burning wool or nails developed when a little of the substance is 
heated on platinum foil. A more general and certain test is that devised 
by Lassaigne (1843) : 2 to 3 centigrams of the substance are fused with 
a piece of metallic potassium or sodium (0-2 to 0-3 gram) in a test-tube, 
which is broken by plunging it while still hot into a beaker containing 
10 to 12 c.c. of water. The alkaline solution of potassium cyanide 
formed is filtered, mixed with a few drops of ferrous sulphate and ferric chloride 
solutions and boiled for two minutes, by which means potassium ferrous cyanide is 
formed (when nitrogen is present in the substance) ; the liquid is acidified with hydro- 
chloric acid, which dissolves the ferrous and ferric oxides, the resulting ferric chloride 
reacting with the potassium ferrocyanide to form the characteristic Prussian blue, or 
at least a green solution wliich deposits Prussian blue on standing. In absence of 
nitrogen, only a yellow colour is obtained. To certain nitrogenous substances this test 
is not applicable {e.g., to diazo-compounds, which evolve nitrogen too readily), and 
in such cases either the potassium is replaced by a mixture of potassium carbonate 
and powdered magnesium (Castellana, 1904), or the substance is fused with sodium 
peroxide and the mass tested for nitrate by means of diphenylamine (Vol. I., p. 234). 
As early as 1825 Faraday detected nitrogen by heating the substance in a tube with caustic 
soda and soda-lime, the evolution of ammonia being shown by means of litmus paper; 
spurting of small portions of the soda on to the litmus paper shoidd be prevented by passing 
the vapour emitted first through a tube containing glass wool (see later. Quantitative 
Determination). 

The presence of halogens (Cl, Br, I) is determined by beating the substance with 'pure 
lime, dissolving in water and nitric acid and precipitating the halogen with silver nitrate. 
Also, in many cases, the substance may be heated with fuming nitric acid and silver nitrate 
in a sealed tube (see later, Quantitative Analysis), by which means the silver halogen salt 
is formed directly (Carius). 



Fig. 12. 
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Sulphir also may be detected by the Carius method, the substance being heated in a 
sealed tube with fuming nitric acid, and the sulphuric acid formed from the sulphur of the 
organic compound, precipitated with barium chloride ; or by heating the substance with 
pure sodium peroxide, a sulphate is formed. By heating the substance in a test-tube 
with metallic sodium and dissolving the mass in a little water a solution of sodium sulphide 
is obtained which blackens a piece of silver foil or a silver coin. 

Phosphorus and other elements are detected by the Carius method, the substance 
being oxidised vdth fuming nitric acid and the liquid tested for the corresponding acid 
(phosphoric, etc.). 

QUANTITATIVE COMPOSITION (ELEMENTARY ANALYSIS). Lavoisier was 
the first to devise an apparatus for analysing organic substances by burning them with 
oxygen under a bell-jar ; while Gay-Lussac, Thenard, and Berzelius successively improved 
tlxis process by burning the substance in presence of potassium chlorate. Gay-Lussac, 
however, showed that certain nitrogenous substances cannot be burned with the chlorate, 
and suggested as a general and more certain oxidising agent cupric oxide, wliieh when hot 
gives up its oxygen, transforming the carbon and hydrogen of any organic compound into 
carbon dioxide and water respectively, while the nitrous compounds are reduced to free 
nitrogen by passing the products of combustion over red-hot copper turnings. It is, 
however, to Liebig that the credit is due of rendering this method of organic analysis 
simple and exact and of devising simple and ingenious forms of apparatus for absorbing 
the products of combustion. Even to-day — disregarding improvements in combustion 
furnaces and modifications of the absorption apparatus — the determination of carbon and 
hydrogen (the oxygen is estimated by difference) is carried out by what is virtually the 
method employed by Liebig,^ 


• commonly used is as follows : 0T5 to 0’30 gram of the substance is 

weighed m a small porcelain boat, which is then filled ■u'ith’’powdorcd cupric oxide, previously 
heated to redness and perfectly dry ; the boat is then introduced into the position c of the hard 
glass combustion tube (Fig. 13), this being 70 to 90 cm. long, or 10 to 12 cm. longer than the 
combustion furnace, which is heated by 25 to 30 gas flames (Fig, 14). 




Fig. 13. 

a = 3 cm. free ; 6 = 12 cm. spiral of oxidised copper gauze ; c = 8 to 10 cm. for the 
boat; d — 3 cm. copper spiral; e = 40 to 45 cm. granulated cupric oxide; / = 3 cm. 
oxidised copper spiral or 12 cm. of reduced copper spiral for nitrogenous substances; 
y = 0 cm. tree. ° ’ 


The other parts c^ the tube are reserved for the previously heated copper spirals and ermnn- 
tn^rln k combustion is to be made, aU that it is necessary 

'whfch spiral & and the boat and to introduce the new substance into the tubJ, 

'Which IS already charged in d, e, and / and is not allowed to cool below 40“ to 00“. 



..b. ..I* . 

air or one containing oxygen, which should ^®cted at will with a gasometer containing 

P- ,.1. 
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For determining carbon and hydrogen, in nitrogenous suhsiances the above method is 
modified only by inserting in the combustion tube, in place of the spiral / (Fig. 13), one 
of reduced copper gauze ^ about 15 cm. long, this serving to fix the oxygen from the oxides 
of nitrogen resulting from the combustion and to liberate the nitrogen, which passes 
unchanged through the absorption apparatus. 

If the substance to be analysed contains sulphur or a halogen, the combustion is made 
with lead chromate in place o.f the granular copper oxide, and the heating is more gentle 
to avoid fusion of the chromate. By this means the sulphur remains fixed in the tube 
as lead sulphate and the halogens as halogen salts of lead. Halogens may also be fixed 
on a spiral of silver foil about 10 cm. long placed at / (Fig. 13), the substance Feing 
combusted as usual with cupric oxide; if both nitrogen and a halogen are present the 
copper and silver spirals are used together. 

A new apparatus, which admits of the combustion of organic substances being very 
rapidly carried out, has been devised by Carrasco and Plancher (1904-1 906) 


through drying tubes containing calcium chloride. At the other end the combustion tube 
communicates at &, first with a tared tube, c, containing granulated calcium chloride to absorb 
the water formed during combustion; then follows the tared apparatus, d, containing potassium 
hydroxide solution (30 to 35 per cent.), which absorbs the carbon dioxide from the burnt substance 
and is furnished with a calcium chloride tube to retain the moisture given off by the potassium 
hydroxide solution. Finally follows a calcium chloride tube, e, which is not weighed, and prevents 
moisture entering the apparatus from the air. 

Before the combustion is started the apparatus is tested to ascertain if it is perfectly air- 
tight. This is done by closing the tap a, and sucking into e eight or ten bubbles of gas ; the 
slight rarefaction produced in the interior of the combustion tube causes the potash solution to 
rise in the first large bulb to a level which should remain constant for some minutes. The 
burners at the end 6 are then gradually lighted until the poitiion / and almost all of the portion e 
are heated to redness. The spiral 6 is then gradually heated from the a end, the heating being 
gradually extended under the boat so that the substance is completely burnt. During the 
combustion bubbles of air are passed into the tube from the gas-holder so as to transport the 
gases produced into the absorption apparatus ; during the last ten to fifteen minutes^ a gentle 
current of oxygen is passed through, and then the flames are extinguished and air again passed 
for ten to fifteen minutes. In this way all the gases from the combustion are removed from the 
combustion apparatus and the copper oxide is completely reoxldised, so that the tube is ready 
for the next combustion. 

The increases in the weights of the potash and calcium chloride apparatus give the amounts 
of carbon dioxide and water respectively formed during the combustion, and, since 44 parts of 
carbon dioxide correspond with 12 parts of carbon and 18 parts of water with 2 of hydrogen, 
the quantities or percentages of carbon and hydrogen in the substance can be calculated. The 
sum of these two percentages, when subtracted from 100, gives that of the oxygen, excepting 
where the substance contains nitrogen, which is determined directly by methods given later. 
In this way the percentage composition is determined. 

1 The reduction is effected in a separate glass tube, through which a current of hydrogen 
is passed while the spirals are heated ; when the copper has assumed its characteristic red colour, 
the flames are extinguished and the spirals allowed to cool in the current of hydrogen, being 
afterwards kept in desiccators ready for use ; or, better, when reduction is complete and the 
spirals are still hot, the tube is exhausted and is kept so until cold, so as to avoid the clanger of 
hydrogen remaining occluded by the copper. 

2 It consists of a small external combustion tube, c (Fig. 15), of hard glass, and about 20 cm. 
long and 2 cm. wide, and slightly expanded at the lower closed end. The tube is closed at the 
top by a rubber stopper, /, through which passes a porcelain tube, e, wound round with an 
electric refistance formed of platinum -iridium wire, d; along the interior of the porcelain tube 
passes a thick silver wire, which starts from d, the negative pole, and ends in a small platinum 
wire loop and serves to convey the current (3 amps, at 2^0 volts). The oxygen for the com'bustion 
traverses 08 and the upright tube of the stand, and passes through the porcelain tube to the 
bottom of the combustion tube. In the stopper, /, is fastened a piece of nickel tube, 6, which 
is united to the + pole and to the platinum spiral, d, and serves at the same time for the escape 
of the gases formed by the combustion to the tube r. The gases' are absorbed by the usual tared 
apparatus {u — calcium chloride, p == concentrated potassium hydroxide solution), but with 
nitrogenous or halogenated substances the gases are first passed through a U -tube containing 
lead dioxide heated to 180° by means of a small furnace, m. The connections a and b are insu- 
lated from one another by porcelain and rubber. When the current passes through the resistance 
the glass tube is heated to redness, and the substance (0T2 to 0*20 gram), mixed with cupric 
oxide or, better, with platinised porous porcelain powder, and placed at the bottom of the glass 
tube, is burned by heating the outside of the tube directly with a bunsen flame. The combustion 
is very soon completed, the platinum-iridium spiral apparently accelerating the oxidation cata- 
lytically ; apart from the time occupied by the weighings, this method requires fifteen to twenty 
minutes, and usually gives good results. For the analysis of fairly volatile liquids or of sub- 
stances which readily sublime, the lower part of the combustion tube is drawn out almost 
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An electrical method for determining carbon, hydrogen, and sulphur in organic substances 
was also proposed by Morse and Gray in America in 1906. 

QUANTITATIVE DETERMINATION OF NITROGEN. (1) Dimas^ Method, 
The nitrogenous organic substance (0-2 to 0-3 gram) is heated in a hard glass tube similar 
to that shown in Fig. 13, but closed at the end, a. The portions a and h contain sodium 
hydrogen carbonate or magnesium carbonate; between b and c is placed a small plug of 
copper gauze, in c granulated copper oxide, and in d powdered copper oxide. Then follows 
a space 10 cm. in length in which is placed the substance to be analysed, this being weighed 
and mixed with powdered cupric oxide; next comes granulated cupric oxide, and in f 
a spiral of reduced copper, 10 to 12 cm. long.i 

The extremity, g, of the tube is connected by means of a gas delivery tube with a 
graduated tube (25 or 50 c.c.) placed upside down in a basin of mercury and filled half 
with mercury and half with concentrated potassium hydroxide solution. This gmduated 
tube may have the form devised by Dumas and shown in Fig. 16; the gas from the com- 
bustion tube passes into the tube a, furnished with a chp, m, thence through a little mercury 
in the bottom of the tube 6, which is filled with potassium hydroxide solution and is in 
communication with a reservoir, c, of this solution.^ 


horizontally, and the substance is mixed with platinised porcelain powder (2 to 3 per cent, 
of platinum); liquids may also be heated in a separate tube and the vapour then injected into 
the combustion tube. 



Fig. 15. 
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When several determinations of nitrogen are to be carried out the procedure is some- 
times simplified by using a combustion tube open at both ends, like that of Fig. 13, the 
magnesium carbonate or sodium bicarbonate being omitted and the combustion tube 
being connected at a -with a smaU Kipp’s apparatus for the evolution of carbon dioxide 
(marble and hydrochloric acid), care being taken to free the apparatus from all air by a 
prolonged current of carbon dioxide. 

(2) KjeldaMs Method (Dyer’s modification). 0*5 to 1 gram of the substance is placed 
in a hard glass flask (200 to 300 c.c.) with a long neck, into which penetrates the stem of a 
funnel used to cover the flask (Fig. 17). 20 c.c. of concentrated sulphuric acid (66° B6.) and 
a drop of mercury (which acts as a catalytic oxidising agent) are added, and the contents 
of the flask are heated, at first gently and finally more strongly, until vigorous boiling 
sets in. 10 grams of potassium sulphate are then added, a little at a time, the heating 
being continued until the liquid is decolorised, by which time the whole of the nitrogen is 
transformed into ammonium sulphate. After the flask has been allowed to cool, its 



contents are washed out with water into a flask already containing 200 to 300 c.c. of water. 
3 to 4 grams of zinc dust (which decomposes ammoniacal compounds of mercury and 
prevents bumping by the evolution of hydrogen) are then added, and the flask closed with 


carbon dioxide is absorbed by the potash solution, and when no more air collects in h the mag- 
nesium carbonate is no longer heated. The copper spiral and the copper oxide are now gradually 
heated in the same way as for the estimation of carbon and hydrogen, the heating being slowly 
extended until it reaches the substance itself. Oxides of nitrogen are decomposed by the copper 
spiral, so that all the nitrogen is evolved in the free state and collects in &, Finally the nitrogen 
remaining in the combustion tube is driven into 6 by means of carbon dioxide formed by again 
heating the magnesium carbonate. _ j -u j • u 

At the end of the operation, in order to measure the nitrogen, a graduated tube filled with 
water is inverted over d, and the cock at the top of h having been opened, the reservoir, c, is 
raised until all the gas passes into the graduated tube. The latter may then be removed to a 
large cylinder full of water and when, alter a few minutes, the gas has assumed the temperature 
of the water (shown by an accurate thermometer) the tube, grasjped by a clip (the hand would 
warm it), is arranged so that the level of the liquid inside it coincides with that outside, and the 
volume (?;) of the gas read ofl. At the same time the atmospheric pressure (&) is read, and the 
exact temperature {t) of the water. The percentage of nitrogen (p) in the substance is then 
calculated by means of the followng formula : 

r. (h - 2^) . 0-12511 
'P ~ ^ n. 

where s indicates the weight of substance taken, w the pressure of water vapour expressed in 
mm. of mercury {see Vol. I., p. 35), and 0-0012511 gram the weight of 1 c.c. ol moist nitrogen at 0 
and 760 mm. (llayleigh and Eamsay ). 
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a rubber stopper through which pass a tapped funnel containing 120 to 160 c.c. of con- 
centrated sodium hydroxide solution (30 to 35 per cent.) and a glass bulb (ligs. lb and 19) 
communicating with a simple condensing tube dipping into a flask containing a measured 
volume of standard sulphuric acid and a drop of methyl orange. In order to prevent 
spurting of the caustic soda and its introduction into the condenser tube, the glass bulb 
is fitted with a delivery tube curved towards the wall of the bulb ; it is, liowever, as v eil 
to push into this tube, almost as far as the bulb, a small plug of glass-wool or asbestos. 
Solutions of soda more concentrated than 35 per cent, often lead to spurting. About one- 
half of the liquid is distilled and the excess of sulphuric acid remaining in the collecting 
flask determined by titration with alkali. Hence the amount of ammonia fixed by the 
acid may be calculated and so the percentage of nitrogen in the substance ana]}'sed. In 
Figs. 17 and 19 are shown forms of apparatus rvith which it is possible to carry out several 
determinations simultaneously. 

Kjeldahl’s method cannot be used as it stands for the analysis of organic siibstam-es 
which contain nitrogen either united to oxygen (nitro- compounds) or forming part of a 
pyridine or similar nucleus (quinoline, etc.). In such cases the method is modified as 
described under Aromatic nitro-derivatives (Part III). 




(3) Will and Varrentrapfe Method. This method is based on the principle that almost 
all nitrogenous organic substances (which do not contain nitrogen linked to oxygen, sucli 
as the nitro-compounds), when they are heated with an alkali hydroxide or, better, with 
soda-lhm {see Vol. L, p. 618), yield hydrogen, which transforms the nitrogen into ammonia. 
Little use is made of this method to-day. 

QUANTITATIVE DETERMINATION OF THE HALOGENS. The 
commonly used is that of Carius, The substance (0T5 to 0-2 gram) is v't'ighea oul pi 
small tube, which is then introduced into a large, hard glass tube 30 to 40 cm. long and 
2 to 3 cm. wide, closed at one end and containing about 2 c.c. of fuming nitric acid and 
about 0-5 gram of solid silver nitrate; this introduction is effected in such a way that the 
acid does not enter the small tube. The large tube is then softened near the open end by 
heating in the blow-pipe flame and gradually drawn out to a point (Fig. 20, A) , the walls 
of the tube being allowed to thicken during the fusion (Fig. 20, H, shows the upper part 
of the tube on a larger scale). After being allowed to cool in a vertical position, the tube 
is introduced into a thick- walled iron sheath, which is closed with a screw- cap. It is then 
safe to incline the tube and introduce it into a bomb-furnace (Fig. 21), which holds four 
or more tubes and is raised slightly at one end ; this is heated for 4 to 6 hours, the tem- 
perature being raised gradually to about 250°. Sometimes the tubes burst owing to the 
great internal pressure, but without danger from flying fragments of glass owing to the 
protection of the iron sheaths and of the folding shutters at the ends of the furnace, these 
being lowered during the heating. 

At the end of the operation, when the tube is cool, it is taken from the iron sheath, 
held in a vertical position, and its point (Fig. 20, A a) softened in a bunsen flame. When 
the pressure in the tube has been thus relieved, a scratch is made with a file at the point 
marked 5, and the file-mark touched with a red-hot glass rod, with the result that the upper 
part of the tube breaks off. The tube is then carefully emptied and washed out into a 
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beaker with water, the small tube, held in pincers or a piece of platinum wire, being well 
washed inside and outside before removal. The liquid is heated and the precipitated silver 
halogen compound is then collected on a filter, washed, dried in an oven, detached from 
the filter and heated in a weighed porcelain crucible until it just begins to melt. After 
being allowed to cool in a desiccator, the crucible is weighed and the amount of halogen 
contained in the organic substance calculated from the weight of shver haloid. 

QUANTITATIVE DETERMINATION OF SULPHUR AND PHOSPHORUS. 
This is carried out by the Carius method in the same way as for halogens, except that 
no silver nitrate is introduced into the tube. At the end of the heating, the sulphur is 
obtained as sulphuric acid or the phosphorus as phosphoric acid, estimation of the amounts 
of these acids being effected by the ordinary methods. The halogens, sulphur and phos- 
phorus, may also be determined after fusion of the substance with pure sodium peroxide. 


CALCULATION OF THE EMPIRICAL FORMULA. From the results 
of the elementary analysis of an organic substance may be calculated the 
'percentage composition, i. e., the quantity of each component in 100 parts of 



substance. To deduce the chemical formula, that is, the proportions in which 
the different atoms enter into the molecule, the percentage weight of each 
component is divided by the corresponding atomic weight, the numbers thus 
obtained giving the proportions between the numbers of atoms of the different 
elements. 

These numbers sometimes give directly the numbers of atoms contained 
in the molecule, but in other cases they represent multiples or submultiples of 
the real numbers of atoms. 

If, for example, lactic acid is analysed, the percentage composition is found 
to be : C, 40 per cent. ; H, 6*6 per cent. ; 0, 53*4 per cent. ; by dividing these 
numbers by the corresponding atomic weights, the following numbers are 
obtained: 0, 3*3 [i. e,, ^); H, 6*6 (y); and 0, 3*3(^). These proportions 
have a common factor, 3*3, and division by this gives IC, 2H, and 10, i. e., 
CHgO, which is an empirical or minimum formula, the simplest formula express- 
ing the proportions between the numbers of atoms of the different elements. 

This minimum formula does not, however, represent the molecular magni- 
tude, and, in fact, analyses of formaldehyde, acetic acid, grape sugar, etc., 
give the same percentage composition and the same minimum formula, CHgO, 
which must hence be a submultiple of the formulae of these substances. 
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A Imowledge of the percentage composition is not sufficient to determine 
the true molecular formula; the molecular magnitude, i.e.^ the molecular 
weight, must also be known in order to permit of a choice between the various 
multiples. By making use of one of the methods described in Vol. I., In- 
organic Chemistry (pp. 34 et seq.), the molecular weight of lactic acid is found 
to be 90, so that, of the various possible formulae, CH2O (mol, wt. 30), C2H4O2 
(mol. wt. 60), CsHgOg (mol. wt. 90), 0^04 (mol. wt. 120) .... C6H12O6 
(mol. wt. 180), etc., only C3Hg03 corresponds with lactic acid. Even this 
formula and the empirical formula, however, tell nothing concerning the 
grouping of the atoms in the molecule which, as is explained in the following 
pages, is given by the constitutional formula. 

DETERMINATION OF THE MOLECULAR WEIGHT BY 
CHEMICAL MEANS 

In lactic acid one-sixth of the hydrogen may he substituted by a metal, so that there 
must be at least six (or a multiple of six) atoms of hydrogen in the acid, the empirical 
formula being necessarily at least trebled, giving CaHeOs. To ascertain if tliis is the true 
formula, a derivative of the acid is prepared, such as the silver salt, which may easily be 
obtained pure. Analysis of this salt shows it to contain 54-8 'per cent, of silver, and the 
atomic weight of silver being 107-7, calculation indicates that the residue of the lactic 
acid combined with 107-7 parts of silver weighs 89. Assuming that only 1 atom of 
silver has entered the lactic acid in place of 1 of hydrogen (as may, indeed, be deduced 
from the fact that the quantity of hydrogen in the salt is five-sixths of that originally 
present in the acid), the weight of the lactic acid would be 89 -f- 1, or 90. The true 
formula of the acid would hence be that corresponding with a molecular weight of 90, 

6 ., CjjHg 03 . 

For acid substances in general this chemical method may be employed for determining 
the molecular weight, making use of the silver salt and determining if the acid is mono-, 
di-, or tri-basic (that is, ascertaining if the silver replaces 1, 2, or 3 atoms of hydrogen), 
the calculation being then based on the presence of 1, 2, or 3 atoms of silver in the 
salt. 

For basic substances, the molecular magnitude may be determined chemically by 
analysing the platinichlorideSi the formulse for which are always of the type of that of 
ammonium platinichloride : PtCl 4 (NH 3 *HCl) 2 , the ammonia being replaced by the organic 
base, which is mono- or di-acid, according as it replaces one or two molecules of ammonia 
in the platinichloride. 

For other (indifferent) organic substances derivatives are prepared by substituting 
chlorine atoms for one or more hydrogen atoms, the proportion of chlorine being then 
estimated ; the calculation is then similar to that described above. 

The chemical method for determining the molecular magnitude docs not always give 
certain results : experimental difficulties sometimes occur and often entail great labour. 
Consequently the determination of molecular weights is usually effected hy 'physical methods : 
vapour density method, cryoscopic method, ebullioscopic method, etc., these being all 
described and illustrated in Vol. I. (Part I). 

POLYMERISM 

It sometimes happens that the analysis of different substances shows them 
to have the same percentage composition, although their chemical and physical 
properties are different ; thus, for example, acetic acid, lactic acid, glucose, etc., 
contain the same elements, C, H, and 0, in the same proportions, there being 
2n hydrogen atoms and % oxygen atoms for n carbon atoms. Accurate 
study of these compounds and determination of the molecular magnitude 
(molecular weight) show that the differences depend on the true formulae 
-being multiples of the minimum or empirical formula. Thus, whilst the 
molecule of acetic acid is represented by C2H4O2, that of lactic acid 
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corresponds -with CgHgOg, and that of glucose with These molecules 

are hence all multiples of a hypothetical complex ratios (but not the 

absolute quantities) between carbon, hydrogen, and oxygen being the same 
(1:2:1) in all cases. These compounds are termed polymerides and the 
phenomenon is known as polymerism. 

In some instances, however, it happens that the molecular magnitude is 
not sufficient to differentiate certain compounds, w^hich, besides containing the 
same elements in the same proportions (equal percentage comj)ositions), have 
also the same molecular magnitudes, although differing in their physical and 
chemical properties. To explain the existence of these isomeric compounds, 
the chemical nature of carbon must be studied more in detail. 


VALENCY OF CARBON, ISOMERISM, AND 
CONSTITUTIONAL FORMULAE 

On the foundation of multivalent radicles,^ discovered by Odhng, and 
of the investigations of Frankland (1852), which showed that nitrogen, 

^ Theory of Radicles and Types. In the first twenty years of last century, various compounds 
were discovered which stood in apparent contradiction to the electro-chemical theory of dualistic 
formulce, put forward hy Berzelius (Vol. I., p. 46); in fact, in certain compounds the hydrogen 
(electro-positive) was replaced by chlorine (electro-negative) without appreciably changing the 
chemical characters of the original compounds. It was then that chemical compounds came to 
be represented by unitary formulce^ no account being taken of the grouping of the atoms in the 
molecule. 

Gradually, however, as the number of new organic substances increased, certain analogies 
became evident in their chemical behaviour. In studying cyanogen Gay-Lussac (1815) had 
indeed met, in various reactions and in various substances, the residue or radicle CN, which 
behaved as a monovalent element (like the halogens), combining with one atom of difierent 
monovalent metals, etc. In 1832 Liebig and Wohler discovered and studied a monovalent 
atomic group or radicle, henzoyl, C 7 H 5 O, which was found in oil of bitter almonds combined with 
an atom of hydrogen (C 7 H 6 O ) ; on oxidation by the air, this essence became transformed into 
benzoic acid, C7H8O2, which with PClg gave benzoyl chloride, C7H5OCI, and this, in its turn, gave 
the aldehyde CyHeO, when treated with nascent hydrogen, or benzoic acid under the action of 
water. All these compounds contain the monovalent benzoyl nucleus, C7H5O, which passes 
unchanged from one to the other by combining with monovalent atoms or groups. In 1833, 
in a classic work, Bunsen studied another radicle, cacodyl^ which is a monovalent organic arsenic 
OTT 

residue, As . Later, in 1837, Dumas advanced and developed the theory of radicles^ study- 
ing and classifying organic compounds with reference to the different radicles contained in them, 
these radicles thus coming to be considered almost as the elementary substances of organic chemistry. 
The condensation of simple radicles leads to a compound radicle, forming a complex which can 
unite with other atoms or atomic groups. Liebig supported this new theory, whilst Berzelius 
strenuously opposed it, reproaching Dumas for regarding all chemical combinations as due to 
]reciprocal interchanges of radicles. 

Dumas and, still more so, Laurent, as a consequence of the discovery of new substances, 
arrived logically at the theory of suhstitution, which assumed the possibility of replacing, one by 
one, the elements forming the radicle or nucleus of certain compounds by other elements or by 
radicles of other compounds (Dumas termed this phenomenon of substitution metalepsy). 

Not only the hydrogen and oxygen, hut also the carbon of the radicles could, according 
to Laurent, be replaced by other radicles or other elements, e. g., by chlorine, without the 
fundamental characters of the original substances being substantially changed. 

These last consequences of the theory of substitution in radicles (Dumas) or in nuclei (Laurent) 
were combated not only by Berzelius, but even by Liebig, wLo attempted to cover these new 
conceptions with ridicule and published in his “ Annalen " (1840) a pungent satire in the form 
of a letter from Paris which was signed “ S. C. H. Windier" [Bchwindler being the German for 
swindler I), and which made the astonishing statement that it had been found possible to replace 
all the atoms of the molecule of manganese acetate hy the corresponding number of chlorine 
atoms, the resulting substance retaining the characters of the original salt, although formed of 
chlorine alone ; further, on the basis of the new theory, it was concluded that the chlorine used 
in England to bleach textiles replaced the hydrogen, oxygen, and carbon, and that already chlorine 
was being spun for the manufacture of nightcaps, which were greatly appreciated 1 ! 

Nevertheless, the new conceptions triumphed with the aid of numerous discoveries, which 
served to confirm, more and more, the ideas of Laurent and Dumas. Moreover, with the studies 
of Gerhardt, new horizons were opened to organic chemistry, which for so many years found a 
solid basis in Laurent and Gerhardt’s (1852) theory of types, this clearing up the nebulous ideas 
then still held on the atom and the molecule, and it is due to these two investigators that 
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pliosphorus, and other elements easily form compounds with three or five 
equivalents of other elements, Kekule, in 1857 and 1858, accurately developed 
the true conception of valency y showing the constant tetra valency of carbon and 
thus widening the horizon of organic chemistry and originating the remarkable 
theoretical and practical development of the past half-century. 

Kekule and, independently of him, Cooper brought to light another most 
important property of carbon, resulting from its four equivalent valencies; 
they showed that carbon atoms possess also the property of combining directly 
one with another, in a greater or less number, mutually saturating one, two, 
or even three valencies and forming varying chemical compounds. For 
convenience, we represent these compounds graphically, placing the carbon 
atoms in an open or closed chain and. saturating the valencies remaining free 
with other elements (usually hydrogen and oxygen). We have thus a series 
of groups differing according as the atoms united in a chain are few or many 
(even more than 30), according to whether the chain is branched by means 
of lateral chains, and also according as the valencies saturated between carbon 
and carbon are 1, 2, or 3. 

If we represent the valencies of carbon by strokes/the valencies of the different carbon 
atom chains are given by the numbers of free valencies which are not used in uniting the 


Avogadro’s work, denied by everybody, finally assumed the important position accorded to 
it in modem chemistry. 

All organic and inorganic compounds were explained by comparing thorn with simple types 
of inorganic substances of well-known constitutions. The fundamental types of Gerhardt were 

HI 

four in number : S H -N. 

Hj ilj I 

It was supposed that all the principal chemical compounds then known were derived from these 
types by simple substitution of the hydrogen by other elements and radicles. Prom the first 

type may be derived, for example ; hydrocyanic acid, ^hj 5 ethane, j ; ethyl cyanide, 
etc.; from the second, sodium chloride, ethyl chloride, ; acetyl chloride, 

® 01 j > With the third type correspond, for example, sodium hydroxide, h j' ^ > 

nitric acid, 0 ; acetic acid, nitric anhydride, acetic anhydride, 

j 

Prom the fourth type, Hofmann and Wurtz deduced theoretically and prepared in the labora- 
tory a large number of compounds, part or all of the hydrogen atoms of ammonia being replaced ; 

C 2 H 5 ] ^ oA\ CH^I 

for example, ethylamine, H -N; diethylamine, C^Hg -N; trimethylamine, CHo -N; acetamide, 

hJ h) chJ 

H In, etc. 

. . 

To explain the existence of polybasic acids and various other substances, Odling, Williamson, 
and Ivekule had recourse to the idea of multiple types, sulphuric acid being regarded as derived 




from the double water type, 5^ , thus SOg ]-9, and similarly succinic acid, I?, etc. ; 

lj-0 hJ^ 'hP 

for glycerol a triple type was assumed, and so on. 

In 1856 Kokuld introduced another very important type, that of marsh gas, S Ic, with 


H 

H 

tetra valent carbon, to which he referred numerous organic compounds ; also certain compounds 

CH3 ^^2 

may be referred both to marsh gas and to ammonia, for example, methylamine, H - N, or S 1 0 

hJ hj 

and from these different methods of considering the constitution and the reference to different 
types, were deduced various processes for preparing one and the same compound from different 
startmg materials. 
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carbon atoms among themselves and which can be saturated by different elements (usualty 
H, 0 , N), giving rise to an enormous number of organic compounds.^ 

The physical and chemical differences of these compomids, termed isomerideSj 
are explained by the different grouping or linking of the atoms in the molecule. 
In their chemical transformations, isomerides give up or exchange quite different 
atomic groups or atoms, owing to the different functions and positions occupied 
by these atoms or groups in the molecule. 

The first cases of isomerism were discovered by Berzelius in 1833 during 
an investigation of racemic acid. 

It is hence not sufficient to represent organic compounds by an empirical 
molecular formula, the structural or constitutional formula, deducible from 
the graphic representation of the chains illustrated above, being necessary 
in many eases to distinguish between isomerides. 

To decide which of two isomeric formulse should be assigned to a given 
substance, various chemical reactions are carried out with the substance, 
study of the resultant new products indicating the constitutional formula.^ 


^ The following are some of these hypothetical carbon atom chains ; 
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Among these chains are two (Nos. 8 and 9 ) containing four carbon atoms and having equal 
numbers of free valencies. By saturating these ten free valencies with ten H atoms two com- 
pounds are obtained (these have actually been prepared) which contain equal numbers of C and 
H atoms, and have therefore the same percentage composition and the same molecular weight. 

2 An example will render these ideas clear : It is found that ethyl alcohol (ordinary liquid 
alcohol) and gaseous methyl ether have different physical and chemical properties, although they 
possess the same percentage composition and the same molecular magnitude, represented by the 
formula CaHgO. The constitutions or internal molecular structures of the two compounds are 
determined by a study of the following chemical reactions : treatment of the alcohol with hydro- 
chloric acid gives first a compound C2H5CI (ethyl chloride), one atom of monovalent chlorine 
having replaced one atom of oxygen and one of hydrogen or a hydroxyl residue, OH. By means 
of nascent hydrogen, the chlorine atom of ethyl chloride may be replaced by a hydrogen atom, 
giving the compound C^Hg (ethane). These reactions are hence expressed by the following 
equations : ( 1 ) • OH + HCl = H^O + GaHgCI; (2) C2H5CI + Hg = HCl + CaHg; ethane, 

H'V y.- H 

however, can have only the constitution, H— /G — CsyH, i. e., CHg — GHo, so that the alcohol will 

W \H 

H\ /OH 

have the constitution H^G — C^H 

On the other hand, it is found, by various reactions, that the six hydrogen atoms -of methyl 
ether present no difference one from another, and, no matter under what conditions hydriodic 
acid acts on the ether, it eliminates the oxygen as water, and another product is obtained which 
contains only one carbon atom in the molecule : The reaction hence tabes place according to the 
equation : 2 HI = 2CH3I + HjO. 


It is evident, then, that in methyl ether the six hydrogen atoms are united homogeneously 
VOL. II. 2 
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Use is not always made of constitutional formulae, since they are not simple 
and are often inconvenient to Avrite; hence attempts are made to simplify 
them by indicating the more important groups or residues contained in the 
molecule and giving at the same time an idea of the constitutions and of the 
functions of these groups; this is done by means of the so-called rational 
formiilce. The rational formula of ethyl alcohol will be C 2 H 5 ‘ OH, in which 
the monovalent OH residue, characteristic of all the alcohols, is separated; 
that of acetic acid will be CHg ■ COOH, the group COOH being characteristic 
of, and common to, all organic acids, etc. 

METAMERISM. Constitutional and rational formulae explain clearly 
isomerism in general and also the special case bearing the name metamerism. 
When, to an atom of a polyvalent element are united one or more groups in 
their different isomeric forms, we have special cases of isomerism for definite 
groups of substances.^ 

PSEUDOISOMERISM, TAUTOMERISM, DESMOTROPY. A substance 
sometimes contains atomic groups that occupy a very precarious (labile) position, 
since they exert certain influences one on the other and under given conditions 
may react in difierent ways, giving now one new substance and now another ; 
this explains how it is that some compounds having a well-defined chemical 
character may, under some conditions, behave like substances with other 
chemical characters, •mthout it being necessary to assume a true change of 
constitution. Thus, for example, some of the derivatives of cyanic acid, 
CN * OH, behave like derivatives, sometimes of the formula N ^ C — OH and 
sometimes of the formula NH = 0 = 0, when the hydrogen atom is replaced 
by a given radicle. The same is the case for derivatives of cyanamide, 
iq" ~ C— NHg, and of carbodiimide, NH = C = NH, and of the two non- 

I I 

nitrogenous types, — C(OH) = 0 — CO — and — CO — CH — CO—, where a 
hydrogen atom oscillates between the two carbon atoms. These compounds 
exist usually in only one form, the more stable one, but in the derivatives 
this stable form, simply on heating, is transformed into the labile one. For 
this phenomenon Baeyer proposed the name 'pseudoisomerism, and others that 
of desmotropy ; it may be assumed that the other isomeride is present in 
minimal quantity, not detectable by ordinary reagents. 

These forms may be distinguished sometimes by chemical reactions, but 
more generally by the molecular refraction, dielectric constant, magnetic 
rotation, electrical conductivity, etc. (Under the heading Ethyl acetoacetate, 
Knorr and Meyer’s method for separating the two forms is described. ) 

In various substances, where several hydroxyls are present in more or less 


to the two atoms of carbon and that the carbon atoms are Joined, not directly, but indirectly, 
by means of an oxygen atom, which is readily eliminated. The constitutional formula of methyl 
ether will hence be : 


H\ .H 

CfH or CH3— O—CH3. 

H/ \h 


1 


Tor example, in the compound. 


/C3H, 

NyH , the monovalent group — C3H7 may be present in 


its isomeric forms, i. e., either as — CHo— CHo—CH, or j 


/CH3 

-CfH . 
^CH3 


Although there is con- 


siderable resemblance between these two compounds, their different constitutions are manifested 
111 certain chemical and physical properties. The following compounds are also metameric 

isomerides : Nv— C2H5 and N ,* in fact, although the percentage compositions and molecular 


magnitudes are the same in both eases, the substituent groups of the ammonia molecule are 
ainerent and the compounds belong to different categories — 4isubatituted and trisubstituted 
ammonias. 
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adjacent positions, there is often a tendency for intramolecular transformation 
to take place with condensation of two of these groups and separation of a 
molecule of water, giving rise to isomeric anhydrides, ethers, ketones, or 
alcohols, etc. In their turn, these derivatives or isomerides, which may be 
transformed one into the other, give rise to distinct classes of compounds ; 
this isomerism is called tautomerism, and may be regarded as dynamic rather 
than static isomerism. 

STEREOISOMERISM OR ISOMERISM IN SPACE. We have already seen that, 
by the tetra valency of carbon and its property of uniting vdth itself to form various chains, 
it is possible, in certain cases, to explain the existence of isomerides, which have the same 
percentage composition and molecular magnitude, but different groupings within the 
molecules. Many cases of isomerism, foreseen from theoretical considerations, have 
since been actually met with and different isomerides have been prepared artificially 
after their existence had been foretold. 

For a long time, however, certain compounds were known for which ordinary isomerism 
did not provide any explanation; among these the most important, from an historical 
point of view also, are the four dihydroxysuccinic acids {tartaric acids), of which two 
(ordinary tartaric acid and racemic acid) were studied by Berzelius as long ago as 1830. 
To these must be added Isevo -rotatory tartaric acid and mesotartaric acid, discovered by 
Pasteur. All these compounds have the same internal grouping of the atoms, although 
they are isomerides ; it is not possible to distinguish between them by chemical reactions, 
but they may be clearly differentiated by their physical behaviour : they form hemiliedral, 
i. e., symmetrical, but non-superposable crystals (related as an object to its image in a 



Fig. 22. Fig. 23. Fig. 24. Fig. 25. 

mirror) ; they have, too, different actions on polarised light, the plane of which is turned 
to the right by some and to the left by others. These acids are hence known as ^hjsiml 
or optical isomerides. 

Pasteur attempted to explain this isomerism by supposing the atomic groups to be 
arranged unsymmetrically in the molecule, in some cases in a dextro-rotatory spiral and 
in others in a lievo-rotatory spiral, or arranged at the vertices of an irregular tetrahedron. 

When other similar isomerides — ^the lactic acids — ^had been discovered, J. Wislicenus, 
in 1873, suggested that isomerism of this kind could be explained only by regarding the 
groups or atoms of these compounds as arranged in space so as to form distinct configurations. 

This isomerism in space {stereoisomerism) was explained by van ’t Hoff and Le Bel 
(1874), independently, by means of the hypothesis of the asymmetric carbon atom. The 
starting-point of this hypothesis was Kekuld’s idea (1867) of regarding, for the sake of 
convenience, the carbon atom as situated at the centre of a regular tetrahedron, and its 
four af&nities as directed towards the four vertices, i. e., arranged homogeneously in space 
(Figs. 22, 23). If these affinities are satisfied at the vertices by monovalent atoms or 
atomic groups, the following cases present themselves : no isomerism is possible in the 
compounds Ga^ b, Ga^ Ga^ be, and Ga c, where a, 6, and c indicate either atoms other 
than carbon or groups of atoms (I, H, OH, etc.); the compound CHgla exists in only one 
form, and if we put the four atoms (Hg and Ig) at the apices of the carbon tetrahedron, no 
matter how their positions may be changed, it is not possible to find two different, i. e., 
non-superposable, arrangements. If, however, the four groups or atoms combined with 
the carbon atom are aU different, e. g., Gahcd, two isomerides are possible, and in this case 
the carbon atom is termed asymmetric ; in fact, if these atoms ox groups are arranged, 
in one case, so that the circle a, b, c has a sense opposite to that in which the hands of a 
clock move (Fig. 24, I) (called, therefore, dextro-rotatory isomerides, and indicated by d- 
or by the sign -f ) and, in the other, in the opposite sense (Fig. 25, II) (termed Icevo-rotatory 
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imnerides, like leviilose, and indicated by I- or -), two non-congruent conHgurations are 
obtained; these cannot be superposed, one on the other, in such a way that the same 
groups occupy the same ]:)Ositions in the two cases. These two figures represent two different 
Tsomerides and are related in the same way as an object to its mirror-image or as the left 
hand to the right. Such isomerism is called enantiomorpMsm. 

These two different arrangements of the atoms round the asymmetric carbon atom 
also explain how it is that, when polarised Jight traverses these molecules, its plane of 
polarisation is rotated, in one case to the right and in the other to the left. Van ’t Hoff 
and Le Bel pushed their deductions still further, and showed that the dextro-optical 
deviation should be numerically equal to the Irevo-optical deviation of the corresponding 
isomeride. This has been confirmed practically, and it also follows that when a pair of 



Bio. 26. Fig. 27. Fig. 28. 


such isomerides are mixed in equal proportions, there should result an optically neutral 
mixture, thus giving rise to a special inactive or racemic isomeride. A substance with 
only one asymmetric carbon atom always gives three stereoisomerides (for example, three 
lactic acids). 

It has also been deduced theoretically and proved practically that aU optically active 
conlpounds contain at least one asymmetric carbon ato7ny^ although not all compounds con- 
taining asymmetric carbon atoms are optically active, since the molecules may contain 
groups which neutralise each other’s activity. 

Many examples illustrating these principles will be discussed later in the special part 
of this book ; meanwhile mention may be made of the most important of these compounds : 
leucine, asparagine, coniine, the lactic acids (hydroxypropionic acids), etc., which contain 
one asymmetric carbon atom and give, in each case, three stereoisomerides. 



Fig. 29. Fig. 30. Fig. 31. 

These cases of stereoisomerism, and those which follow, will be understood more easily 
if studied by means of cardboard tetrahedra with differently coloured vertices. 

When the substance contains two asymmetric carbon atoms' the number of stereo- 
isomerides increases as follows : 

If we take two tetrahedra like that shown in Fig. 26, 1, or Fig. 28, II, representing two 
similar molecules wliich contain only one asymmetric carbon atom and in which the groups 
a, h, and c, satisfying three of the valencies, are arranged in a dextro-rotatory sense, and 

_ ^ Or else an asymmetric atom of mtmgcTi {see later) or sulphur, tin, etc. The exceptions to 
this rule are veiy rare and uncertain, one of the cases most discussed during recent times (1909- 
1910) being l-methylcyclohexylideneA-acetic acid, which does not appear to contain an asymmetric 
carbon atom, but is optically active. 
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■•superpose one tetrahedron on the other, so that the free valencies satisfy one another, 
there results a new isomeride, /. e., a molecule with two dextro-rotatory asymmetric carbon 
atoms, as shown in Figs. 27 and 29.^ 

If we join two lievo-rotatory carbon atoms (Fig. 28, II), that is, the mirror image of 
Fig. 26, I, a Isevo-rotatory isomeride (Fig. 30, II) is obtained. 

Finally, if one dextro-rotatory (Fig. 26, I) and one Isevo-rotatory asymmetric carbon 
atom (Fig. 28, II) are united, a third stereoisomeride is obtained, which is permanently 
optically inactive (Fig. 31, III), the effect produced on polarised light by one asymmetric 
carbon atom being destroyed by the effect of the other. 

In order to understand these stereochemical speculations better, w^e may apply them 
to the isomerism of tartaric acid, w'hich has the formula C 4 Hs 0 s, and contains two asym- 
metric carbon atoms (marked with 



OOaH FtG. 32. Fia. 33. 

If, for the letters a, h, and c of the tetrahedra considered above, we substitute the 
groups OH, COgH, and H, and if the tetrahedron of Fig. 26, 1 (which we shall call A ) 

be represented as if projected on to a plane, thus: a — C — c or OH — C — H (dextro- 

\l \ I 

b OO^H 

rotatory), and that of Fig. 28, II ( — ^^), thus : c — t—a or H— C— OH (l^vo-rotatory), 

i/ 

COgH 

we arrive at the following stereoisomerides of tartaric acid : 

I. By joining twn -f- A atoms, ■we get d-tartaric acid (Fig. 29 or 32, 1). 

. II. By joining two — A atoms, we get Z- tartaric acid (Fig. 30 or 32, II). 

III. By joining one -f A atom -with one — A atom, we have the permanently inactive 
mesotartaric acid (i-tartaric acid), as may be seen in Fig. 31, III, or 32, III. 

IV. By mixing, mechanically, equal parts of acids I (+) and II ( — ), there results 
racemic acid, apparently inactive, but from which, by mechanical means ( by hand with 
the aid of a lens), the two forms of crystals may be separated. 

It is often assumed that the two asymmetric carbon atoms can rotate independently 
on the common axis joining them, so that if the groups of one asymmetric carbon atom 
exert an attraction or influence on those of the other, a most favourable position could 
be attained, a chemical reaction being sometimes possible between one group and another 
with separation of, say, water and loss of the freedom of rotation ; to the new isomerism 
thus created we shall refer shortly. 

STEREOISOMERISM IN DERIVATIVES WITH DOUBLY LINKED CARBON 
(ALLOISOMERISM). By means of the tetrahedra, we can show a double linking between 
two carbon atoms by arranging one side of one tetrahedron (carbon atom) in contact 
■with a side of the other (Fig. 38). 

With such an arrangement, even without asymmetric carbon atoms, isomerism is 
possible. In fact, a compound forms the following isomerides : (1) that 

shown in Fig. 34, where the two similar atoms or groups of atoms, e. g., a and a, although 

^ Looking at the order in which the letters a, h, and c come in the two asymmetric carbon 
atoms, it would seem that these are not dextro-rotatory, but this is because the upper carbon 
atom has been turned through ISO*^ from its position in Fig. 26; if its base is brought do^vm, 
its identity with the other dextro-rotatory atom becomes evident. 
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d — C — h 

united to two different carbon atoms, occupy adjacent positions : || , or c«5-positions 

a — C— & 

(cis-isomerlsm); such a molecule exhibits f lane-symmetry, the two pairs of similar groups 
l 5 ring to the left and right, respectively, of the perpendicular plane containing the common 

side (double linking); (2) that shown in Tig. 35, 
ar— where two similar groups occupy non-adjacent or 

diagonally opposite or fraws- positions || this 
/ h — C — a 

j/ form exhibiting centra- symmetry. 

b ^ I 

35 Similarly, a compound of the type 

a — C — 6 a — C — h 

forms two isomerides, the ci's-forni, || , and the trans-ionw, jj 

a — C— c c — Cl — a 


The best illustration of isomerism of this type is afforded by the two isomerides : maleic 
acid (ciVform, Fig. 36) dowA fu marie acid [trans-iovm.. Fig. 37). 

From these figures it is seen that the ci<s-form, maleic acid, should lend itself to the 
ready formation of anhydrides (condensation of twn molecules or acid groups with separa- 
tion of one molecule of water), since the two acid groups, COgH, are very near to 
one another, and it is, indeed, found that maleic acid easily gives an anhydride with 
separation of one molecule of water (Fig. 38), whilst no anliydride of fumaric acid is 
kno'vm. 


Isomerism of this kind is exhibited by various substances, e. g., crotonic and isocrotonic 
acids (CHa • CH : CH • COOH) ; jnesaconic mdcUracomc acids [GB.^ ’0(00011) :0H -COOH], 
etc. 


Baeyer found that cases of isomerism similar to those just described occur also with 
cyclic compQunds {see Part III), i. e., closed-chain compounds mth simple linkings between 



the carbon atoms. He distinguishes with the sign T compounds containing true asym- 
metric carbon {absolute asymmetry), adding the sign -f or — if the compound is optically 
active; while he gives the name relative asymmetry to that shown by compounds with 
doubly linked carbon atoms {alloisomerism) or by cyclic compounds with simple linkings, 
the term cis or trans being added to the T. Thus, to the name tartaric acid would be 
added the sign 7' -f or J — according as the acid is dextro- or Isevo-rotatory, and to the 
name maleic acid to fumaric acid etc. 

STEF^EOISOMERISM OF NITROGEN. Le Bel attempted to explain the isomerism 
of certain nitrogen compounds (e. g., methyl-ethyl-propyl-isobutyl-ammoniuni chloride) 
by assuming absolute asymmetry for the nitrogen atom. A more plausible explanation 
seems, however, to be afforded by the idea of relative asymmetry of the nitrogen, analogous 
to that of carbon atoms when united by double linking; in this way V. Moyer, Hantzsch, 
Werner, and others easily explained the isomerism of the oximes, hydroxamic acids, 

Gab 

phenylhydrazones, etc. In general, a substance of the constitution |) should give two 

isomerides, which may be represented as shown in Fig. 39 : the 5 w-series (Fig. 39, 1) and 
the anti-senes (Fig. 39, II). 
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These investigators also studied those cases of isomerism in which the nitrogen behaves 
as a penta valent element. 

Of interest are the complex cases of stereoisomerism exhibited by the organic cobalt 
derivatives studied by Werner (1911-1914) (see Vol. I, p. 848). 

SEPARATION AND TRANSFORMATION OF STEREOISOMERIDES. Stereo- 
isomerides and, in general, compounds containing asymmetric carbon atoms, when pre- 
pared artificially in the laboratory from inactive substances, are inactive, the racemic 
configuration^ composed of a mixture of the optical antipodes in equal quantities, being 
formed. When, however, these substances are elaborated in the animal or vegetable 
organism, they are usually optically active. 

The transformation of one of these optical antipodes into the other corresponding with 
it may sometimes be effected by passing through halogen derivatives, separation of the 
halogen from which results in the formation of the isomeride of opposite optical activity. 

The separation of the antipodes, or of one of them, from the racemic isomeride was 
^^arried out by Pasteur (1848) in various ways. The following are the methods used at 
the present time : 

(1) By fractional crystallisation (see above) of the racemic isomerides or of some of 
their salts at various temperatures and from various solvents, the antipodes may be sepa- 
rated directly or else they crystallise in hemihedral forms which may be readily separated. 
For some substances it is convenient to prepare 
compounds with alkaloids (optically active 
basic compounds, e. g,, strychnine, cinchonine, 
etc.), which, even when they do not form 
well-defined hemihedral crystals, may be easily 
separated by fractional crystallisation. 

(2) By means of enzyme action (maltase, 
emulsin, etc.; see section on Fermentation) 

Fischer succeeded in resolving certain racemic 
glucosides. Much earlier than this, Pasteur 
discovered that certain bacteria or moulds 
{Penicillium glaucum, etc.) are capable of 
developing in a solution of the racemic sub- 
stance at the expense of one of the optical antipodes, the other being left unchanged. 
This phenomenon is explained by the fact that bacteria owe their activity to certain 
substances which they produce (enzymes), and which are optically active and behave 
analogously to optically active solvents. Indeed, in many cases, stereoisomeric antipodes 
are separated by virtue of their different solubilities in an optically active solvent. 

(3) With certain racemic compounds, the antipodes are separated by taking advantage 
of their different velocities of esterification in presence of an optically active alcohol; e. g., 
for racemic mandelic acid, menthol (which is an active alcohol) is used. For inactive 
alcohols the velocity of esterification is the same for the two antipodes composing the 
racemic compound. 

(4) When an optically active substance is heated within certain definite Hmits of 
temperature {transformation pointy see Vol. I., p. 208), it is often converted, to the extent 
of one-half, into the oppositely active isomeride, so that an inactive mixture (racemic 
compound) is obtained ; this takes place readily, for example, with the lactic acids. Above 
the transformation point the racemic substance may form inseparable mixed crystals [see 
Vol. I./ p. 116), the substance being then called pseudo-racemic. On the other hand, it 
has been shown that, mth certain halogenated compounds, the transformation occurs 
even at ordinary temperatures, but with a minimum velocity; thus, with isobutyl 
bromopropionate, about three years is required. 

(5) R. Stoermer (1909 and 1911) found that the more stable form with the higher 
melting-point is often converted into the more labile form by means of the ultra-violet 
rays (mercury vapour lamp, see Vol. I., pp. 238, 687), this occurring especially with ethylene 
compounds (crotonic acid forms an exception) ; in this way it is shown that cumarinic acid 
is the cis-alloisomeride of o-cumaric acid. The light acts as a source of energy and 
the cis-alloisomerides are the forms containing the most energy. In many cases these 
alloisomerides cannot be obtained by other methods ; when left, they undergo gradual 
transformation into the more stable isomerides- 
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Turning to the more simple compounds, those formed from only carbon 
and hydrogen, we may easily see what procedure is necessary to arrive at 
those containing longer and more complex chains of carbon atoms. If we 
start from the most simple compound, methane (or marsh gas), CH^, we may 
replace an atom of hydrogen in it by other elements or even condense two 
of the monovalent CHg residues into one compound, CHg • CHg, thus obtaining 
ethane (CgHg). Further, in this compound we may also replace an atom of 
hydrogen by another — CHg residue, forming 'propane, CHg — CHg — CHg or CgHg, 
and by continuing this process we arrive at butane, CHg — CHg — CHg — CHg, 
i. e., C4H10; pentane, CgH^g; hexane, CgH44, etc. 

All the compounds of this series have analogous structures and have also 
many analogous chemical and physical properties; such a series is called a 
homologous series. 

This series of the derivatives of methane may be represented by the general 
formula C^Hg,, 4. g, each term being the higher or lower homologue of the 
preceding or following term, and differing from it by having one CHg complex 
more or less. If in all the simple compounds of this homologous series of 
methane we replace successively one hychogen atom of the CHg group by the 
hydroxyl residue OH (characteristic of the alcohols), we obtain a homologous 
series of alcohols : CHgOH, methyl alcohol; CgHgOH, ethyl alcohol, etc., and 
similar series may be obtained of aldehydes, acids, chloro-derivatives, etc. 

The homologous compounds of each of these series differ always by CHg 
or by a multiple of it. 

There are also other series with chains containing double linkings, (^. e,, 
compounds not completely saturated), and these unsaturated series are termed 
isologous with respect to the first, and, for an equal number of carbon atoms, 
they contain less hydrogen (C^Hg,! or even C^Hg,, _ g). 

Thus, ethane is isologous to the two-carbon-atom compounds of the 
unsaturated series, CHg = CHg (ethylene) and OH = CH (acetylene), etc. 

Homology is determined by the tetravalency of carbon, and in consequence 
the total number of hydrogen atoms in these compounds (hydrocarbons) is 
always even, i. e., divisible by two, and, if any of the hydrogen atoms are 
replaced by other elements, the sum of the atoms with odd valencies (Cl, P, 
N, As) and of the remaining hydrogen atoms should always give an even 
number. 


PHYSICAL PROPERTIES OF ORGANIC SUBSTANCES IN RELATION TO 
COMPOSITION AND CHEMICAL CONSTITUTION 

In many cases, certain physical properties are either common to whole 
groups of homologous or isomeric substances, or else vary gradually with 
change of chemical composition. Thus the physical properties often contribute 
to the establishment of the true chemical constitutions of organic substances. 

CRYSTALLINE FORM. The crystalline form of an organic compound is of con- 
siderable importance, since it often serves to distinguish clearly and accurately between 
two compounds. Two isomeric substances have often different crystalline forms. 

There are, however, numerous eases of dimorphism or polymorphism {see Vol. I.), one 
of the forms always being more stable than the others. 

We have already considered the relations existing between the crystalline form and 
chemcal constitution in those stereoisomerides differing only by the enaniiomorpUsm 
of their crystals. , 

f. Groth has discovered also the daw of morphotropy, according to which a regular 
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change is produced in the crystalline form of compounds by gradual substitution with 
new atoms or groups. 

The relations between the crystalline forms and the chemical constitutions of 
substances have as yet, however, been little studied. 

SOLUBILITY. The hydrocarbons and their substitution derivatives are but slightly 
or not at all soluble in water, but are almost all soluble in ether and in alcohol. Of the 
alcohols, the acids, and the aldehydes, the first terms of every homologous series are 
soluble in water, the solubility gradually decreasing as the number of carbon atoms in 
the molecule increases; these compounds are, however, relatively readily soluble in 
alcohol or ether. The polyhydric alcohols (glycerol, mannitol, etc.), are, however, soluble 
in water, but not in ether. 

The compounds of the aromatic series are, in general, rather less soluble in alcohol 
and in water than the corresponding compounds of the fatty series. 

In contact with two solvents which do not mix {see Vol. I., p. 93), a substance dissolves 
in them both in a constant ratio, independent of the relative volumes of the tw^o solvents, 
but depending on the concentration and on the temperature; thus, in separating by 
means of ether a compound dissolved in w^ater, a better and more rapid result is obtained 
by shaking many times with a httle ether each time than by using fewer, but larger, 
quantities of ether. 

Of two isomerides, that with the lower melting-point is the more soluble. 

SPECIFIC GRAVITY. Isomeric compounds have different specific gravities, but 
with the normal hydrocarbons (O^Ha^+a) the values approach one another as the number 
of carbon atoms increases : at about CieHgi and for higher terms the specific gravity 
becomes about 0-78, The specific gravity of the monobasic fatty acids is greater than 
1 for the first terms of the series, but it diminishes with augmentation of the number of 
carbon atoms in the molecule. 

MOLECULAR VOLUME. It was thought for many years that certain important 
rules could be deduced from the molecular volumes of organic compounds, that is, from 
the quotients, MjP, obtained by dividing the molecular weights {M) by the specific 
gravities (P). 

In 1842 Kopp had found that, for liquids at the boihng-point, the molecular volume 
is very approximately equal to the sum of the atomic volumes of the component elements. 
For homologous compounds, the molecular volume increases by about 22 for every added 
CHa group. More recent studies (Lossen, R. Schiff, Horstmann, Traube, etc.) show, 
however, that these regularities are only relative and that isomeric compounds do not 
possess equal molecular volumes. In unsaturated series every double linking increases the 
molecular volume and, with closed-chain compounds, the molecular volume is less than 
those of the corresponding open- chain compounds with double linkings. Thus, in general, 
the molecular volume depends not only on additive factors (e. p., the sum of the atomic 
volumes), but also on consiituiive factors (different linkings between the carbon atoms). 

MELTING-POINT. Of two isomerides, that with the more symmetrical structure 
has the higher melting-point: The members of a series have varying melting-points, 
those with odd numbers of carbon atoms having lower melting-points than those imme- 
diately below them with even numbers. There are, in addition, other less important 
rules, but all present exceptions- A mixture of two substances, in suitable proportions, 
often has a melting-point lower than that of either of the components. 

BOILING-POINT. In compounds of the same series, the boiling-point rises with 
increase of molecular weight, the amount of the increase being about 20° per CH^ in the 
methyl alcohol or formic acid series, and about 30° for benzene derivatives with methyl 
groups in the nucleus. The boiling-points of isologous hydrocarbons, that is, those of 
the same number of carbon atoms but of different series (derivatives of methane, ethylene, 
and acetylene), are very close to one another. 

Of the isomeric compounds of the aliphatic series, the normal one boils at the highest 
temperature and the boiling-point is increasingly lowered by increase in the branchings. 

The substitution of hydrogen by halogens and by hydroxyl groups raises the boiling- 
point The ethers boil at lower temperatures than the corresponding isomeric alcohols. 

HEAT OF COMBUSTION AND HEAT OF FORMATION FROM THE ELEMENTS 
{see Vol. I., pp. 60, 111, 460). The Hess-Berthelot law states that the difference between the 
heats of combustion of two equivalent chemical systems is equal to the heat developed in the 
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transformation of one system into the other, that is, is equal to the heat of formation of the latter 
from the elements. In general, then, we can calculate the heat of formation from its elements 
of an organic compound by subtracting its heat of combustion from the sum of the heats 
of combustion of the elements composing it. As an example : the heat of combustion 
of methane, CH^, at constant volume is 211,900 cals,; the heat of combustion of carbon 
(C + O2 = CO2) being 97,000 cals, and that of hydrogen (Ha + 0 = H^O) 68,400 cals., 
the complete combustion of methane is given by the following equation ; CH4 -f 20, = 
COa -f 2H2O = 97,000 -f- (2 X 68,400) = 233,800 cals., the sum of the heats of com- 
bustion of the component elements of methane. The heat of formation of methane will 
then be given by : 233,800 — 211,900 = 21,900 cals., which also represents the heat 
necessary to resolve methane into its elements in order to initiate its combustion. The 
heat of combustion of ethyl alcohol being 340,000 cals., that of acetic acid 210,000, and 
that of ethyl acetate 554,000, the heat of formation of the last-named from the first two 
will be : 340,000 -f 210,000 — 554,000 = - 4000 cals. 

In the analogous paraffin and olehne series, a difference of CH^ corresponds with a 
variation of 160,000 to 160,000 cals, in the molecular heat of combustion. 

The heats of combustion of isomeric compounds are equal, if the compounds arc chemi- 
cally similar, for example, methyl acetate (CH3 • CO^CHg) and ethyl formate (H • CO2C2H5), 
but different if the compounds are of different molecular character (for example, allyl 
alcohol, CHg : CH • CHg ■ OH, and acetone, CHa-CO-CHg), compounds with multiple 
linking in the fatty series having higher heats of combustion than the correspondin*^ c^nlic 
isomerides. 

These calculations are also of importance for the evaluation of the energy produced in 
organisms by the transformations of various foods {see also later in the section on 
Explosives).^ 

HEAT OF NEUTRALISATION. With the organic acids this is the same for all, 
namely, 13,700 cals, [see Vol. I., p. 99), as long as the resulting salts are not decomposed 
by water; with the ^phenols (cyclic compounds containing OH) the heat of neutralisation 
IS about one-half the above value, or more if the acid character is intensified by the presence 
of the NO2 group ; with the alcohols it is almost zero. 

OPTICAL PROPERTIES. (1) Colour. Most organic compounds are colourless, but 
if they contain iodine or the nitro-group or doubly Hnked nitrogen atoms (-N = N— ), 
or two oxygen atoms directly united, they are generally coloured, especially in the aromatic 
series. 


Ihe following are the heats of formation from the elements of certain 
expressed m large calories per gram -molecule : 


organic compounds, 


Naphthalene, CioHg : solid . . - 42* 

Nitronaphthalene, C10H7NO, : solid — 14*7 
Dinitronaphthalene, CioHgfNOa)., : 

solid “ “ _ 5.7 

Trinitronaphthalene, G10H5 (NO, ).^ ; 

solid “ . 3.3 

Acetylene, C2H2 : gas . ! _ 61-4 

Ethylene, C2H4 : gas . . . _ 15.4 

Benzene, CgHg : gas . . . _ 10-2 

Nitrobenzene, CeKsNOg : liquid . 4-2 

Dinitrobenzene, C6H4(N02)o : solid . 12-7 

Mannitol, C6H14O6 : solid “ . . 320 • 

Nitromannitol, CeHgNsOig : solid . 179-1 

Mercury fulminate, CaNgOaSg : 

solid . . , . . . — 62-9 

Anthracene, Oi4H4o : solid . ! - 42-4 


Methyl alcohol, CH3OH : liquid 
Ethyl alcohol, CaH^OH : liquid 
Phenol, CeHsOH ; liquid . 
Trinitrophenol (picric acid), 
CgH20H(N02)3 ; solid 
Sodium picrate, C6HoONa(NOo 
solid .... 
Ammonium picrate, solid 


Cals. 

62 

70-5 

34-5 

49-1 

117-5 

80-1 


Ether. 

Glycerol, C3H5(OH)s : liquid . 165-5 

Trimtroglycerol, C3H5(ONO,j 
liquid . ' . . . “ 190 

Mulose (cotton), CsHioOg : solid 227 

Nitrocellulose, solid 


624-696-706 


s'.r5;y;2r;£ 'SiSSSffi sirs sir*!? %”"• 

357; azelaio acid, llil- ™ud“lo?d’ n-' 

acid, 10,236; glucose, 674; oxalic acid 60-2* formir 3297,^ tribrassidmic 

naphthalene, 1233-6; phenoi, 732; pySgkUol, &9 ' hydrooyamo aeid, 152-3; 
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In the section on Dyes are given detailed illustrations of the remarkable relations 
between the chemical constitution of organic compounds and their colour. 

(2) Refraction. This is the deviation produced in the direction of a ray of light 
(homogeneous ; for example, sodium light) on passing through a transparent Hq^uid, and 
varies with the substance. The i?idex of refraction n varies with the temperature, and 
hence with the specific gravity {d) of the substance. The relation between these two 


values which gives the refraction constant B (or sjoecific refractivity) is ; 


1 

^2+ 2 



which is almost independent of the temperatm’e. By multiplying by the molecular 


^2 1 p 

weight P, the molecular refraction is obtained : M = • this being constant for 

+ 2 d 

true isomerides and changing by^ a constant amount for a constant change in the 
composition. 

The molecular refraction of a compound is approximately equal to the sum of the 
elementary atomic refractions, but here double and triple linkings have an influence, so 
that these can be detected in an organic compound by means of the refraction (true double 
linkings of the aliphatic series are often distinguished in this way from the cyclic linkings 
of benzene). 

(3) Polarised Light. Owing to the importance of this phenomenon for whole groups 
of organic substances, it will be useful to recall briefly in a note ^ the fundamental ideas 
on polarised light. 



Pig. 40. 


^ The luminous waves of white light are propagated in the cosmic ether with a velocity of 
about 300,000 kilometres per second, and there are physical instruments which admit of the 
measurement of the time required for a ray of light 
to traverse a few metres ; indeed, Foucault measured 
the time taken by light to pass over a distance of 
120 metres. 

By studying the phenomena of interference of 
light rays, it can be shown that the vibrations of the 
ether in them are not longitudinal, i. e., along the 
direction of propagation of the ray, but that the 
ether particles vibrate in all directions in a plane 
perpendicular to the direction of the ray (a transverse section of a 
ray is shown in Fig. 40 ), whilst the propagation of sound is effected 
by means of longitudinal vibrations in the direction of the path 
traversed by the sound. 

A ray that enters a liquid or a non-crystalline solid, or a crystal 
of the regular system (cube or octahedron) gives only one refracted 
ray; when it enters a crystal of the rhombohedral system, two 
refracted rays are formed, one extraordinary the other mdinary ; 
when a ray enters a crystal of any other system, two refracted rays 
are forrued, but these rays both behave like the extraordinary ray, 
and, like the latter, they do not obey the laws of refraction, 
according to which an incident ray, perpendicular to a medium, with parallel faces, should not 
be deviated or refracted. 



If a ray of light, J i (Fig. 41 ), strikes a rhombohedral crystal of Iceland spar perpendicularly 
to the face^ A B G D, the ray divides into two. The one, i o (9, continues in the same direction, 
the other, i e, is deviated, but when it emerges from the ciystal assumes the direction e E, parallel 
to the original direction. The two parallel rays leaving the crystal have equal luminosities, 
but 0 0 follows the ordinary laws of refraction [vide supra) 
and is called the ordinary ray, whilst the other, e E, does not 
obey these laws and is termed the extraordinary ray. 

If the crystal is rotated about the incident ray J i as an 
imaginary axis, the position of the ray o 0 does not change, 
whilst the ray c E moves in the sense in which the crystal 
is rotated. The extraordinary ray i e always lies in the 
plane of the principal axis of the crystal dh BE, which passes 
through the principal axis of the crystal h 0 and is parallel 
to it. These two rays emerging from the crystal have, 
however, properties different ' from those of the incident ray J i ; m fact, if either of the 
two refracted rays {e E oi o 0) is passed into a second rhombohedron of Iceland spar, two 
new rays {double refraction) are obtained, but the intensities of the two rays vary according 
to the relative positions of the two crystals. Thus, if a ray emerging from the first crystal 
passes perpendicularly into the second crystal, the principal section of which is parallel to 
that of the first, no double refraction is observed, only one ray leaving the second crystal 
{s in Fig. 42, the second hypothetical ray n being not visible and marked black in the 
figure). If, however, the second crystal is rotated round the imaginary axis, o 0, a second ray 


O® (l|s’ S’’® 

®n ||n- n"Q 

Fig. 42. 
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Those organic substances are called optically e^tive which rotate the plane of polarised 
light. Some substances are optically active in the crystalline state (not in the amorphous 
state or in solution), and hence the action on polarised light is due in these cases to the 
peculiar arrangement of the molecules; very few are active in both the crystalline and 
amorphous states, the majority exhibiting activity only in a dissolved condition (sugars, 
etc.), where the phenomenon depends on the arrangement of the atoms or groups of atoms 
in the molecule. This holds also for camphor and oil of turpentine, which are active even 
in the form of vapour. 

The longer the layer {1) and the greater the concentration of the solution (p = grams 
of dissolved substance in 100 of solution) traversed by the polarised light, the greater 
will be the rotation of the plane of polarisation. Referring the observed rotation a to a 
length of 10 cm. of a solution containing 1 gram of pure substance in 1 c.c. ( = pd /lOO, 
where d is the specific gravity of the solution), we get the specif c rotatory power of the 
solution for the yellow sodium light (D line of the spectrum ^) by means of the following 

formula : [a]o = Tor active liquid substances examined without solvent, 

[a]jj = The molecular rotation (for a molecular weight M) is given by : (M) = • 

For a definite solvent and given concentration and temperature, every active substance 
(and such are almost all those containing asymmetric carhon, see p. 19) has a constant and 
characteristic specific rotatory power, either to the right (+ ) or to the left (— ). This 
varies with the nature and degree of electrolytic dissociation of the solvent, and increases 
with dilution and diminishes with rise of temperature ; for purposes of comparison, it is 
usually determined at 20°, and is then indicated thus : [a] q. By repeating the determina- 
tions and using moderately high concentrations, the influence due to the solvent is deter- 
mined and, on subtracting this, the true specific rotation is obtained. Freshly prepared 
solutions of certain sugars exhibit the phenomenon of rmita-rotation, which, however, 
disappears after a time or on boiling the liquid, the normal rotation then being 
given. 

This important property of optically active compounds is studied by means of special 
apparatus termed polarimeters, which are used particularly in the analysis of sugars (and 
hence often called saccliarimeters), and will be described in the section dealing with this 
group of substances. 

MAGNETIC ROTATORY POWER. All liquids in a magnetic field produce a greater 
or less rotation of the plane of polarised light, according to their chemical composition 
and in conformity with the laws governing the refractivity of light. In many cases the 

(extraordinary) suddenly appears, /. e., double refraction takes place, and whilst the luminosity 
of the new ray increases, that of the first ray becomes weaker and when the principal sections of 
the two_ crystals form an angle of 45°, the two rays ha\'e equal 
intensities {s', n'); if the crystal is rotated still more, the extra- 
ordinary luy becomes more luminous, whilst the first {ordinary) 
decreases in luminosity, and when the principal sections arc 
perpendicular to one another, the intensity of the ordinary ray (.s') 
is zero {i. e., it is not seen), only the extraordinary ray being seen 
with its maximum intensity {n"). The light rays emerging from 
- . 1/2 it. 1 i. second rhombohedron are hence different from those emerging 

trom the hrst, the latter not varying in intensity when the prism is rotated, whilst the others 
do so. 

The rays leaving the first prism are called polarised, and are distinguished from ordinary 
light rays, since, on passing through a second prism, they undergo the changes described above. 
A polarised ray passes as an ordinary ray through a second rhombohedron only when its plane 
of polarisation is parallel to the principal section of the new rhombohedron. It is found, then, 
that the plane of polarisation of the polarised ordinary ray is perpendicular to the piano of 
polansation of the extraordinary ray. Hence, the rays £and 0 vibrate in planes pcrpondioular 
to one another (Fig. 43 ). x- r i 

Folaeisation by Reflection. Polarised light rays are obtainable, not only by double 
refraction, but also ly reflection under special conditions, namely, when a light ray falls on a plate 
of glass at an incident angle of 54 35 . & j i 

Polarised light is also obtained by simple refraction, by passing a ray of light through a 

series of superposed parallel plates or through sheets of tourmaline. 

Tim angle of rotation varies with the length of the light-wave and is greater for violet 
rays (wboh have a smaUer TOve-Iength and are hence refracted more) and less for red rays 
(Which have a greater wave-length and are hence less refrangible). 



Fm. 43. 
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constitution of a substance has been determined or confirmed by measuring the molecular 
magnetic rotation, 

ELECTRICAL CONDUCTIVITY. We must refer the reader to the detailed treat- 
ment of electrolytic dissociation and the theory of ions in Vol. I. (pp. 94 et seq . ), as the 
same is directly applicable to organic compounds, especially as regards the conductivity 
of salts, acids, bases, etc. 

CLASSIFICATION OF ORGANIC SUBSTANCES 

These are usually divided into two large series : 

(1) That of the open-chain carbon compounds or methane derivatives, termed 
also compounds of the fatty or aliphatic series, as all the fats and many of their 
derivatives belong here. This series embraces two groups of substances : 
that of the saturated compounds or derivatives of the paraffins (C„H 2 „ 4 . 2 ) and 
that of the unsaturated compounds (olefines, and derivatives of acetylene, 

C„H2„_2)- 

(2) That of the closed-chain carbon derivatives, these being subdivided 
into ; 

(a) The isocycUc or carhocyclic compounds, which have the closed chain 
formed either of nuclei of six carbon atoms with six available valencies to 
every nucleus (C„H 2 ,i .65 benzene derivatives or aromatic compounds) or of 
nuclei with different numbers of carbon atoms, but more highly hydrogenated 
(cycloparaffins, cyclo-olefines, and polymethylene derivatives). 

{&) The heterocyclic compounds, the closed chain of which contains atoms 
(N, P, S, 0, etc.) other than carbon. 

The hydrogenated compounds of carbon are called hydrocarbons and are 
termed saturated when the carbon atoms are joined by single valencies, and 
the other valencies are all satisfied by hydrogen. These saturated hydro- 
carbons camiot combine with a further quantity of hydrogen. 

Hydrocarbons containing carbon atoms united by double or triple linkings 
are called unsaturated hydrocarbons, and these can combine with further 
quantities of hydrogen, thus becoming saturated. Other important hydro- 
carbons are those with closed chains, which we shall study in Part III of this 
book. 

Usually in homologous series, with increase in the number of carbon atoms, 
the compounds pass from the gaseous to the liquid and solid states ; e. g., 
formic acid, with one carbon atom, is a liquid and boils at 99°, while the 
homologous acid with sixteen carbon atoms is a soMd and boils at over 300°. 

OFFICIAL NOMENCLATURE 

With the continuous development of organic chemistry and the multiphcation of new 
com}Wunds, the need was often felt for a rational method of naming compounds which 
would facilitate the treatment of these vast numbers of compounds. For the new nomen- 
clatui'e to be the more efficacious it needed to be international, because everywhere there 
reigned the greatest confusion in the naming of chemical compounds, this referring either 
to the starting substance or to the new group to which they belonged, or to the use for 
which they were intended, or to the molecular constitution, and so on, so that the same 
substances often had four or five names. 

In 1892, at an International Convention of Chemists at Geneva, a general system of 
nomenclature of organic compounds was agreed on. This is gradually being introduced 
into chemical hterature, and, although not always felicitous, it has helped to simplify the 
naming of compounds and to reduce the confusion. 

Following only in part the ideas proposed by Kolbe many years before, the new nomen- 
clature derives the names of all compounds from the names of the fundamental hydro- 
carbons to which the compounds can be referred, taking into account the number of 
carbon atoms present as well as the nature of the linking. Thus, to the fundamental 
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names of the saturated hydrocarbons; methane, ethane, propane, butane, pentane, 
hexane, heptane, etc., the addition of the suffix ol indicates the presence of the hydroxyl 
group —OH, and thus an alcohol, for example, metimiol (methyl alcohol), eikmol (ethyl 

/ /^\ 

alcohol), etc. ; the suffix al serves to denote the aldehyde group ( — Cy j, thus, e. g., 

methanal = formaldehyde, eikaml = acetaldehyde, etc. ; the suffix one indicates the 
hetonk group ( —CO— ), thus, propmone (commonly called acetone), etc. The suffix 
ok is used to indicate the organic adds, which all contain the characteristic carboxyl group 
.0 . 

— COgH, L e.,—Cf , and thus we have metlmnok (formic) acid, etlianoic (acetic) 

\ho/ 

acid, propanoic (propionic) acid, butanoic acid, pentanoic acid, etc. 

For the unsaturated doubly linked hydrocarbons the fundamental hydrocarbon 
ethylene is distinguished with the name of ethnic, and that with a triple bond between the 
two carbon atoms (acetylene) is called etUne. 

With the saturated hydrocarbons, isomerides with branched chains are referred to the 
normal hydrocarbon (i e., non*branched) with the longest chain present in the molecule, 
numbering progressively its carbon atoms, starting at the end nearest to the point where 
branching occurs. The name begins with that of the residue of the side-chain,^ then 
follow the successive numbers of the atoms of the normal chain where side-chains join 
on, and finally comes the name of the normal hydrocarbon. 

(1) (2) (3) 

CH3-CH-CH3 

I 

CH, 

bears the official name meiJiyl- 2 ‘propane (some call it propyl- 2 -meiluine), and isopentane, 

(1) (2) (3) (4) 

CH 3 -CH-CH,-CH 3 

CH3 

that of methyl- 2 -hutane, etc. 

When there are also secondary ramifications a supplementary numbering is used; 
thus, for isodecane, 

(1) (2) (3) (4)- (5) (6) (7) 

CH3-CH3-CH3-CH-CH3-CH3-CH, 

DH-CH, 


the official name would be metho-4kethyl.4ffieptane. 

J' The names of the hydrocarbon residues, called also allcyl groups, are formed from the root 
ot the name of the corresponding hydrocarbon, with the suffix yl ; thus, with methane corresponds 
fte residue, -CHj; with ethme,e(hyl,-C,E^-, and then follow propyh-Ofi-,-,bHiijl, 
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PART II. DERIVATIVES OF METHANE 
AA. HYDROCARBONS 

The hydrocarbons form a very large" and important group of organic sub- 
stances, which are composed only of hydrogen and carbon, and give rise to 
other most varied substances by replacement of part or all of the hydrogen 
by other elements or groups. 

Tor the reasons given on p. 29, they are divided into two main groups : 
saturated and unsaturated hydrocarbons. 

(a) SATURATED HYDROCARBONS 

These are called saturated because the linkings between the carbon atoms 
are simple ones and all the valencies are saturated, so that hydrogen, chlorine, 
bromine, iodine, ozone, etc., cannot be added to them; the halogens do, indeed, 
react with saturated hydrocarbons (fluorine reacts with methane even at 
— 187®), but by substitution of the hydrogen atoms. 

They are called also paraffins, since, like the common solid paraffin waxes, 
all the saturated hydrocarbons resist, in the cold, the action of chromic acid, 
potassium permanganate, and concentrated nitric and sulphuric acids, and 
are, in general, compounds with an almost indifferent chemical character. 
In the hot, however, energetic oxidising agents convert them, more or less 
completely, into carbon dioxide and water. 

As a general rule, these hydrocarbons are insoluble in water and only 
some of them dissolve in alcohol, whilst almost all are soluble in ether. 

Of the direct or continuous [normal) and branched (isomeric) open chains, 
mention has already been made on pp. 17 and 29, and it may be seen how, 
starting from the hydrocarbon, C 4 H 10 , the number of isomerides rapidly 
increases : 2 for butane ; 3 for pentane, C 5 H 42 ; 6 for hexane, (all known) ; 
while for C 42 H 26 the number theoretically possible is 355 and for C^gEgg, 892, 
only some of which are, however, known. All the terms of the paraffin series 
can be represented by the general formula C„H 2 „ + 2 > following Table 

(P* 32) gives the name, formula, boihng-point, and melting-point of the principal 
known paraffins. The official nomenclature is described on p. 29. 

The first members of the series are gases, then follow liquids as far as 
C 45 , and beyond that, solids, the boiling- and melting-points rising with increase 
of the molecular weight (^ee p. 26). 

NATURAL FORMATION AND GENERAL IVfETHODS OF PRODUCTION. 
These hydrocarbons, from the lowest gaseous members to the highest solid 
ones (paraffin wax), occur abundantly as the almost exclusive components of 
petroleum (especially that from America), and it is not difficult to separate 
single individuals from these complex mixtures. 

In many natural emanations of inflammable gas, methane and, to some 
extent, ethane are found in large proportions, and the soHd hydrocarbons 
occur also in ozokerite [which <566). 
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The gaseous, liq.uid, and solid hydrocarbons are formed abundantly on the 
dry distillation of wood, lignite, bituminous schists, and coal, especially hoghecid 
and cannel coals, which are relatively rich in hydrogen (see Illuminating Gas), 


SATURATED HYDROCARBOKS, 2 

(After hexane, only the normal ones are given) 

Melbing-poiiit. | Boiling-point, Specific Gravity. 


CgHg Propane 


^ ^ r normal 

[iso 

I normal 
Pentanes^ iso 


Octocosane . 
Nonocosane 
Hentriaeontane 
Dotricontane (Dicetyl) 
Pentatricontane . 

, Hexacontane 



/normal 

— 

69° 


dimethylisopropy 1 - 




methane . 

— 

58° 


dimethylpropyl- 



Hexanes 

methane . 

— 

62° 


inethyldiethyl- 




methane . 

— 

64° 


trimethylethyl- 




t ihethane . 

- — 

49-6° 

C^Hjg Heptane 


— 

98-3° 

CgHjg Octane 


— 

125-8° 

GgHgQ. Nonane 


- 51° 

150° 

^10^^22 Hecane 


- 31° 

173° 

C11H24 Undecane 


- 26° 

196° 

Cj^ 2H26 Dodecane 


- 12° 

215° 

CioHgo Tridecane 


- 6° 

234° 

C14H30 Tetradecane 

+ 4° 

252° 

C45H32 Pentadecane 

+ 10° 

270° 

O^gHg^ Hexadecane 

18° 

287° 

Ci^Hgg Heptadecane 

22° 

303° 

C^gHgg Octodecane .... 

28° 

317° 

Nonodecane 

32° 

330° 

CortH.ft Eicosane 


37° 

205° \ 

C01H44 Heneicosane 

40° 

215° 

^22^^46 Docosane 


44° 

224° 

C2 oH 4« Tricosane 


48° 

234° 

^24^50 Tetraeosane 

51° 

243° , 

C25H52 Pentacosane 

53-5° 

— 

CggHg^ Hexacosane 

58° 

— 

Cg^Hgg Heptacosane 

60° 

270° 


-164" 

(760 mm.) 

~84-r 
(749 mm.) 

1" at 23-8 atm. ) 

-44*5" 

0- at 5 atms.) 
+ 1 ° 
-17° 
+36-3° 
+304° 


about 340° 
302° 
310° 
331° 


0415 (-164°) 
0-555 

(0°, 760 mm.) 
0-446 (0°) 


0-535 

(0°, liquid) 
0-600 (0°) 
0-6029 (0°) 
0-454 (0°) 
0-622 1 


0-6766 (0°) 
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-also when petroleum residues are stroiigl}’ heated under pressure [cr aching), 
hydrocarbons similar to petroleuin and also gaseous ones are formed. 

Of the numerous synthetical methods of preparation of the saturated 
hydrocarbons, the follomng more important ones may be mentioned : 

{a) Any member of the scries may be obtained by reducing the halogen derivatives 
of tlie hydrocarbon (obtained from the alcohols and the halogen hydracids ) by means of 
nascent hydrogen (generated by sodium amalgam, or by a solution of sodium in absolute 
alcohol, or by zinc and hydrochloric acid, or by heating zinc and water at 160°) or of 
liydriodic acid, especially in the presence of red phosphorus (which transforms the iodine 
into hyclriodic acid) : = HI + + HI = + C,Hc {see Table 

of the halogen derivatives of the hydrocarbons). 

( 6 ) The alcohols give paraffins when heated vdth hydiiodic acid : 

C 2 H 5 . OH + 2HI = HoO -f I 2 + CbHfi. 

(c) By the interaction of zinc alkyls and water : 

Zn(G 2 H 5 ), -h 2HoO = Zn(OH )2 -f 2C.J1,. 

{d) I'rom unsaturated hydrocarbons by the action of hydrogen, e. g., by heating 
acetylene and hydrogen at 400° to 500°, or in presence of platinum-black. 

(e) By eliminating a molecule of carbon dioxide from the organic acids and salts by 
heating with soda-lime or sodium alkoxide : 

CH 3 . COONa (sodium acetate) + NaOH = Na^COs + CHi. 

' (/) By the action of sodium or of zinc on the zinc alkyls or alkyl iodides in ethereal 
solution in a closed tube (Wurtz), two alkji groups, even different ones, being condensed : 

( 1 ) 2 CH 3 I d- Na^ = 2 NaI + CM,. 

( 2 ) CM, I + C^H,! + Nao = 2NaI -f CM, ‘ OMo- 

(3) 2 CH 3 I -f Zn(CH 3)2 = Znlo + 2aHe. 

(g) During the last few years it has been shovm that magnesium is much more active 
than zinc in many organic syntheses (see later, Grignard Reaction), and with alkyl iodides 
dissolved in absolute ether, magnesium forms magnesium alkyl salts which, in decom- 
position by means of water or dilute acid or ammonia with solid ammonium chloride, yield 
the saturated hydrocarbons : CoHgl -f- Mg = Co.HgMgI, and this + H^O = GaHe -|- 
Mg(OH )I. In part, however, the magnesium fixes the halogen, and then tw'O alkyl residues 
condense, forming a hydrocarbon of double the number of carbon atoms : 


{h) Sabatier and Senderens’ catalytic process, for wdiich -see p. 35. 

(i) By electrolysing acetic acid: 

CH3— COOH CH3 

= I +2C03-hH2, 

CH3— COOH CHs 

the hydrogen going to the negative pole and the hjffirocarbon and carbon dioxide to the 
positive one. 

METHANE (MARSH GAS), CH^ 

This is a gas wliich is often found ready formed in nature, and in former 
times it was always confused with hydrogen (inflammable air). Pliny refers 
to the gases which exude from the earth in certain regions and are inflam- 
mable (these are probably the sacred fires 'oi the ancient Chaldeans). Basil 
Valentine (1500) records fires in mines j)receded by the emanation of asphyxi- 
ating, poisonous vapours, which are dispersed and rendered innocuous by the 
fire issuing from the rock. Also Libavius (1600) speaks of the inflammable 
and explosive gas of mines, and in 1700-1750 history records numerous 
explosions, especially in coal-mines. In was Volta who, in 1776, when studying 
the same gas, which is also evolved in marshes, showed that it differs from 
VOL. II. 3 
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The gaseous, liquid, and solid hydrocarbons are formed abundantly on the 
dr}^ distillation of wood, lignite, bituminous schists, and coal, especially boghead 
and cannd coals, which are relatively rich in hydrogen (see Illuminating Gas) ,* 


SATURATED HYDROCARBONS, + 2 

(After hexane, only the normal ones are given) 



Melting-point. 

Boiling-point, 

Spocillc Gravity. 

CH^ Methane 


-184° 

-164^ 


0-415 (- 

164°) 




(760 mm. ) 

0-555 






(0°, 760 mm.) 

CgHg Ethane 


-172-1° 

-84*1 


0-446 (0°) 




(749 mm.) 






(0° at 23-8 atm. ) 



CgHg Propane 


- 45° 

-44*5 


0-535 




( 0 - at 5 atms. ) 

( 0 °, liquid) 

Butanes 

C normal 

__ 

+ 1 ° 


0-600 ( 0 °) 


\iso 

— 

-17° 


0-6029 (0°) 


j normal 

— 200 ° 

-h36-3^ 


0-454 (0°) 

CcK-io Pentanes 1 iso . 

— 

+30-4= 


0-622 



[tertiary 

- 20 ° 

+ 9° 


_ 

Q 4- 


/normal 

— 

69° 


0-6603 

dD 

<>AO 


dimethylisopropyl- 





Z\) 


methane . 

— 

58° 


. 0-666 



dimethylpropyl- 






CgHi 4 Hexanes < 

methane . 

— 

62° 


0-6766 (0°) 


methyldiethyl- 







methane . 

— 

64° 


0-677 



trimethylethyl- 







, methane . 

— 

49-6° 


0-6488 


C^H^g Heptane 


— 

98-3° 


0-683 

at 

CgHj^g Octane 


— 

125-8° 


0-702 

20 ° 

CgHgQ. Nonane 


- 51° 

150° 


0-718 


^ 10^-22 l^®cane 


- 31° 

173° 


0-7467, 


TJndecane 


- 26° 

196° 


0-758D 


Ci 2 H 2 g Dodeeane 


- 12 ° 

215° 


0-7684 


CigHgo Tridecane 


- 6 ° 

234° 


0-775 


O 14 H 30 Tetradecane 

+ 4:° 

252° 


0-.775 


C 15 H 32 Pentadecane 

+ 10 ° 

270° 


0-776 


OjgHg^ Hexadecane 

18° 

287° 


0-775 


CjyHgg Heptadecane 

22° 

303° 


0-777 


CigHgg Octodecane .... 

28° 

317° 


0-777 


^ 19^40 Nonodecane 

32° 

330° 


0-777 

.p 

C 20 H 42 Eicosane 

.... 

37° 

205° \ 


0-778 

ft 

CoiH.. Heneicosane 

40° 

215° 


0-778 

ic 

P 

^22®^46 I^ocosane 


44° 

224° 


0-778 


C 23 H 48 Tricosane 


48° 

234° 

u 

0-779 

<D 

s 

^ 24^-50 Tetracosane 

61° 

243° 

03 

0-779 

<D 

C 25 H 52 Pentacosane 

53-5° 



03 

0 




Hexacosane 

58° 



pH 



4i 

ce 

Cg^Hgg Heptacosane 

60° 

270° 


0-780 


C 23 H 58 Octocosane .... 

60° 



a 




CggHgg Nonocosane 

63° 

about 340° 





OgjHg^ Hentriacontane . 

68 ° 

302° 

40 

03 

0-781 


CggHgg Dotricontane (Dicetyl) . 

70° 

310° 


0-781 


CggH 72 Pentatricontane . 

75° 

331° 


0-782 


Hexacontane 

101 ° 

-/ 


— y 
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-also when petroleum residues are strongly heated under pressure {cracking), 
hydrocarbons similar to petroleum and also gaseous ones are formed. 

Of the numerous synthetical methods of preparation of the saturated 
hydrocarbons, the follomng more important ones may be mentioned : 

{n) Any member of the series may be obtained by reducing the halogen derivatives 
of the hydrocarbon (obtained from the alcohols and the halogen hydracids) by means of 
nascent hjdrogeyi (generated by sodium amalgam, or by a solution of sodium in absolute 
alcohol, or by zinc and hydrochloric acid, or by heating zinc and water at 160°) or of 
hydriodic acid, especially in the presence of red phosphorus (wliich transforms the iodine 
into hydriodic acid) : + H., = HI + C,Ke; C.MJ. + HI = -f CgHe {see Table 

of the halogen derivatives of the hjT^drocarbons). 

(6) The alcohols give paraffins when heated with hydriodic acid : 

. OH + 2HI = H,0 + Is + CsHe. 

(c) By the interaction of zinc alkyls and water : 

Zn(CsH5)s -f 2HoO = Zn(OH)s -f 

{d) h'rom unsaturated hydrocarbons by the action of hydrogen, e. g., by heating 
acetylene and hydrogen at 400° to 500°, or in presence of platinum- black. 

(e) By eliminating a molecule of carbon dioxide from the organic acids and salts by 
heating with soda-lime or sodium alkoxide : 

CH3 . COONa (sodium acetate) + HaOH = NagCOg -f CH4. 

(/) By the action of sodium or of zinc on the zinc alkyls or alkyl iodides in ethereal 
solution in a closed tube (Wurtz), two alkyl groups, even different ones, being condensed : 

(1) 2CH3T + Ha, = 2NaI -f CM,, 

(2) C2H5I + C^H,! + Na^ = 2HaI + C,E , . C,B,. 

(3) 2OH3I + Zn(CH3)o = Znia + 2CJ1,. 

{g) During the last few years it has been shown that magnesium is much more active 
than zinc in many organic syntheses {see later, Grignard Reaction), and with alkyl iodides 
dissolved in absolute ether, magnesium forms magnesium alkyl salts which, in decom- 
position by means of water or dilute acid or ammonia with solid ammonium chloride, yield 
the saturated hydrocarbons : C2H5I + Mg = OaHgMgl, and this -f HgO = C^B, + 
Mg(OH)I. In part, however, the magnesium fixes the halogen, and then two alkyl residues 
condense, forming a hydrocarbon of double the number of carbon atoms : 

2aHgI+Mg=MgT2-f C4H4,. 

(7i) Sabatier and Senderens’ catalytic process, for wliich see p. 35. 

{i) By electrolysing acetic acid: 

CH3— COOH CH3 

- I -f2C02+H2, 

CH3— COOH CH3 

the hjffirogen going to the negative pole and the hydrocarbon and carbon dioxide to the 
positive one. 


METHANE (MARSH GAS), CH^ 

This is a gas which is often found ready formed in nature, and in former 
times it was always confused with hydrogen (inflammable air). Pliny refers 
to the gases which exude from the earth in certain regions and are inflam- 
mable (these are probably the sacred fires 'oi the ancient Chaldeans). Basil 
Valentine (1500) records fires in mines preceded by the emanation of asphyxi- 
ating, poisonous vapours, which are dispersed and rendered innocuous by the 
fire issuing from the rock. Also Libavius (1600) speaks of the inflammable 
and explosive gas of mines, and in 1700-1750 history records numerous 
explosions, especially in coal-mines. In was Volta who, in 1776, when studying 
the same gas, which is also evolved in marshes, showed that it differs from 
VOL. II. 3 
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hydrogen, since in burning it requires double its volume of oxygen and forms 
carbon dioxide. In 1785 Berthollet proved that the gas is formed of carbon 
and hydrogen, and later Henry, Davy, and Berzelius determined its true 
composition. 

It occurs abundantly as exhalations from the earth near the Caspian Sea 
(sacred fires of Baku) and in the peninsula of Apsheron is used for heating 
purposes. 

At Pittsburg there are great wells of pure methanO, and it is found also 
near Glasgow, in the Crimea, and also in Italy, at Pietra Mala (Bologna), in 
Ferrarese, in Piacenza (Salsomaggiore), etc. It always occurs in coal-mines, 
being formed from the coal by slow decomposition and remaining occluded 
in the coal under great pressure, together with carbon dioxide and nitrogen 
{see below : Industrial Uses). 

It is invariably developed in marshy places where there is organic matter 
putrefying under water. It is found in the gas of the intestines of man and, 
still more, of the ruminants (about 50 per cent. CH4), being produced by the 
action of enzymes on the cellulose (CgHj^Og) of vegetable matter : -f 

HgO = 3CO2 -f 3CH4.^ Illuminating gas contains up to 40 per cent, of it. 

PROPERTIES. It was one of the permanent gases (Vol. I., p. 29) ; it 
liquefies at — 164° and solidifies at — 186°. It has the sp. gr. 0*559 and 1 litre 
weighs 0*720 gram. It has no colour or taste, but a faint garlicky odour. 
It dissolves slowly but appreciably in fuming sulphuric acid, but only very 
slightly in water (0-05 per cent.). It is readily inflammable and burns with 
a faintly luminous flame ; mixed with oxygen (heat of combustion, 9433 cals, 
per cu. metre ; see also p. 26) it forms a detonating mixture (inflammable at 667°, 
whilst the mixture with ethane inflames at 616° and that with propane at 
547°), the maximum effect being obtained with 1 vol. of methane and 2 vols. 
of oxygen (CH^ + 2O2 = COg -j- 2H20).^ Mixed with air, it forms the fire- 
damp of coal-mines, which is very dangerous owing to its explosibility,^ although 

^ The percentage composition of intestinal gas varies with the nature of the food taken. 

^ Flesh Mixed Milk Veqetahle 

IS. ^ . . . 35-5 25-8 64-2 1-5 

CH 5 . . . — 15-5 — 49-3 


^ Explosive gas mixtures (Teclu, 1907) : 



MauXrmum effect. 

Minimum effect. 

With excess. 

With deficit. 


Vols. 

Vols. 


100 volumes of air -f hydrogen 

40 

170 

8-16 

„ „ ,, -j- methane . 

10 


3-6 

!5 + coal gas . 

17-20 

31 

4*7 

,, „ ,, -j- acetylene 

8-3 

130 

2*4 

,, „ 4 - ether vapour . 

3-3 

8 

1*5 

,, ,, ,, 4 alcohol vapour 

6-5 


3-4 


3 Since the methane is occluded under great pressure between the layers of coal, its develop- 
ment and hence also the danger is greater when the atmospheric pressure diminishes or when tlio 
temperature rises. To prevent explosions of firedamp, the miners use the Davy lamp (Vol I 
p. 464). Considerable danger of explosion more often exists in mines owing to the coal dus) 
suspended in the air of the galleries and behaving like a pyrophoric substance (Vol I p 189) ■ 
as a precautionary measure, air is continually circulated through the galleries by' powerful 
fans, and the air and the walls are moistened by means of pulverisers. Mines containinc^ much 
dust are dangerous even it the Davy lamp is used, since the particles of coal passing through the 
gauze into the lamp may issue in a red-hot condition. Hardy has constructed an apparatus 
which allows of the quantity of methane being determined from the sound produced bv the 
mixture or air and methane m traversing an organ pipe. 

Jxi 1913 Haber and Leiser improved the apparatus into the firedamp whistle, which allows 
the sound produced with pure air to be compared at any instant with that given by the methane- 
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it is not poisonous, since miners can withstand an atmosphere containing 9 per 
cent, of methane ; if there is not more than this proportion, it produces a hind 
of pressure at the forehead, which ceases immediately pure air is breathed. 

By an electric discharge or in a red-hot tube, it decomposes into carbon and 
hydrogen, and a few unsaturated hydrocarbons, with traces of benzene and 
naphthalene. 

PREPARATION IN THE LABORATORY. Besides by the general methods 
given above, methane is formed by passing a mixture of carbon monoxide or 
dioxide with hydrogen over reduced nickel (catalyst) heated at 250° (Sabatier 
and Senderens) : CO -|- SHg = HgO -f- CH4 (see note, p. 58). Attempts have 
recently been made to put this method on an industrial basis, by transforming 
the carbon monoxide and dioxide of water-gas into methane (Ger. Pat. 
183,412). Pure methane is formed by passing a mixture of carbon disulphide 
vapour and hydrogen sulphide over red-hot copper (Berthelot) : CS2 + 
2H2S -f 8Cu = dCugS + CH4 ; also by treating aluminium carbide with 
water : C3AI4 + I2H2O = 4A1(0H)3 + 3CH4. 

Ipatiev obtains methane by heating carbon in presence of excess of hydrogen 
at 520°, reduced nickel (with CO2 and H2 the reaction is less complete) being 
used as catalyst. 

In the laboratory it is usually prepared from an intimate mixture of one part of crys- 
talline sodium acetate with four parts of soda-lime (or better, with four parts of baryta or 
with a mixture of anhydrous sodium carbonate and dry powdered calcium hydroxide). 
This is heated in a retort or in a hard glass tube until gas begins to be evolved, the 
temperature being then kept constant. As impurities, it contains a little hydrogen and 
acetylene, so that, before collecting the methane, the gas is passed over pumice moistened 
with concentrated sulphuric acid. 

Chemically pme, it may be obtained, by the general method, from zinc ethyl and 
water. 

INDUSTRIAL USES. For several centuries, the inflammable gases issuing from the 
earth and from petroleum have been utilised at Baku for heating lime- kilns, and nowadays 
are employed for various other industrial and domestic purposes. The amounts of natural 
gas used at Baku were 46-5 million cu. metres in 1905, 96*3 million in 1906, and 117 million 
in 1907, the composition being: COg, 3 to 3*8 per cent.; 1*2 to 2*6 per cent.; 0, 

7 to 7*6 per cent. ; CH 4 , 54*8 to 60*2 per cent. ; H, 13*58 to 0-8 per cent. ; and N, 20*4 to 25 
per cent. In North America, as far back as 1821, these natural emanations were used as 
illuminating gas. The most important discoveries, made at Pittsburg in 1882, resulted 
in 98 per cent., of the American production being obtained from this source in 1900 ; after 
1905, the wells of Louisiana also acquired importance, and later the greatest output was 
obtained in the state of Kansas (to the value of £440,000 in 1905 and £1,520,000 in 1908). 
At St. Louis 300,000 cu. metres were consumed per day in 1910. 

In 1912 the wells of Caddo, near Shreveport (Louisiana), yielded as much as 280,000 cu. 
metres per day of gas (95 per cent. OH 4 , 2*56 per cent. N, 2-34 per cent. CO 2 , 0*01 per cent. 
H), these wells being about 300 metres deep and the gas being furnished at a pressure of 
about 40 atmospheres. The gas is led in mains to Shreveport and sold at 5 cents per cu. 
metre for domestic purposes and at about 2 cents for industrial uses, 'this allowing electrical 
energy to be obtained more cheaply than from Niagara Falls. The utilisation of the gas at 


air mixture and is capable of detecting 0*2 to 0*5 per cent, of methane. Observation of the 
luminous aureole formed round the flame of a safety lamp with a slightly twisted wick is not 
capable of revealing differences of 2 to 3 per cent, of CH 4 , so that the explosive limit (5-5 per 
cent, of CH 4 ) may be reached without discovery in this way. 

When mines are being excavated, safety explosives (which see) are used to avoid fires and 
explosions. Sometimes[,the coal ignites in*certain parts of the mine; in such cases, work is not 
suspended, but these parts are isolated by'walls, and if the fire becomes threatening, recourse is 
had (usually with success ) to the sealing of the mine and subsequent inundation with w-ater or 
filling of the galleries with carbon dioxide. When an explosion occurs in a mine, a large amount 
of carbon monoxide is formed, which poisons the workers, who can, however-, sometimes be saved 
if they can be made to breathe, sufficiently promptly, under a bell containing compressed air 
(Mosso’s Method; Vol. L, p. 190). 
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the present day is carried out rationally and on a vast industrial scale, the gas (issuing 
from suitably constructed wells) passing to large gasometers which distribute it directly 
to factories and houses, where it is employed for power, heating, and lighting (with the 
Auer mantle), the price being about ^ cents per cubic metre. 

The gas utilised in the United States of America represents the follovdng values in 
pounds sterling: in 1882, 40,000; in 1890, 1,400,000; in 1894, 2,800,000; in 1899, 
4,000,000; in 1906, 9,600,000; in 1908, 11-4 milliards of cu. metres were used and -in 
1911, 15 milliards (£14,000,000). These gases have the sp. gr. 0-624 to 0-645, and a 
calorific value of about 9000 cals, per cu. metre. The composition varies between the 
following limits: CH 4 , 80 to 95 per cent.; H, 0*5 to 1-5 per cent, (sometimes 15 per 
cent.); C 2 H 4 , 0-3 to 4 per cent. ; CO, 0 to 0-6 per cent. ; GOg, 0-3 to 2-5 per cent. ; 0, 0-35 
to 0-80 per cent. ; N, 0-5 to 3-5, together with traces of HoS. 

In Canada, 400 wells are being used, giving, in 1907, gas of the value of £120,000. In 
England, wells have been sunk since 1900 which yield 400,000 cu. metres of gas per day. 
The spring at Weis, in Austria, which gave 57,000 cu. metres of gas per day in 1894, yielded 
only 500 cu. metres per day in 1901. 

At Kissarmas, near Sarmas (Hungary), a well yielded in 1909 1,700,000 cu. metres of 
almost pure methane per twenty-four horns at a pressure of 30 atmospheres. The first 
source of natural gas in Germany was discovered in 1910 at Neuenganime at a depth of 248 
metres, the gas issuing at 25 atmospheres’ pressure and maintaining for a long time the per- 
centage composition : CH 4 , 91-6 ; H, 2-3 ; CO 2 , 0 - 2 ; 0, 0-7 ; N, 4-4 ; heavy hydrocarbons, 0 - 8 . 
The gases obtained from the deposits of potash salts at Stassfurt (see Vol. I., p. 530) have 
a varying composition : CH4, 5 to 40 per cent.; H, 11 to 80 per cent.; N, up to 40 per 
cent. ; helium and neon, 1 per cent. The value of these methane springs may be estimated 
from the fact that one ton of coal yields only 300 cu. metres of gas. 

The gas which is used at Salsomaggiore (Piacenza) for public lighting purposes and which 
issues from the earth together with petroleum and saline waters containing iodine, has 
the sp. gr. 0-692, and the following percentage composition (Nasini and Anderlini, 
1900) : CH4, 68 ; CaHg, 21 ; heavy hydrocarbons, 1 ; N, 8 . In Italy, 1,520,000 cu. metres 
of these gases, of the value £2280, were used altogether in 1902, 6,737,500 cu. metres in 
1908, and 8,270,000 cu. metres, of the value £8760, in 1909. 

Important sources of these gases have been recently discovered in Hungary (in 1911 at 
Klausenburg, where the well gave 800,000 cu. metres per day of gas containing 99 per cent, 
of methane in 1913), England (at Heathfield a well gave as much as 500,000 cu. metres per 
day), and in Denmark (since 1872). 


ETHANE, CgHg 

This gas is found dissolved in crude petroleum, and is one of the principal constituents 
of the North American gas-wells of Delamater, near Pittsburg. 

It is a gas which can be liquefied at 0° by means of a pressure of 24 atmospheres and 
then has the sp. gr. 0-446 ; at the ordinary pressure it becomes liquid and boils at — 84° 
and is sohd and melts at — 172°. It is almost insoluble in water ; 1 vol. of absolute alcohol 
dissolves 1-| vols. of it. It burns with a faintly luminous fiame, and is more readily soluble 
than methane. In the laboratory it is prepared by the general methods already given 
(p. 33). 


PROPANE, CgHg (METHYLETHYL, CHg • qHg or 
DIMETHYLMETHANE, CH2(CH3)2) 

This is a gas like ethane and becomes liquid at — 44°, or under 5 atmospheres’ pressure 
at 0°, the liquid at 0° haying the sp. gr. 0-535 ; it solidifies and melts at — 45 °. It is slightly 
soluble in water, and absolute alcohol dissolves 6 vols. of it. With water under pressure 
and at temperatures below 0° it forms a solid hydrate, which decomposes at -f 8-5°. The 
illuminating power of propane is about times that of ethane. It is best prepared, in 
the laboratory, by reducing isopropyl iodide by means of the copper-zinc couple, or by 
reducing acetone or glycerol with hydriodic acid : 

CA(0H)3 + 6H - 3 H 2 O -b CA or CH 3 . CO ■ CH 3 + 4H = H 2 O -f C 3 H 3 . 

' acetone 



HIGHER PARAFFINS 


BUTANES, C 4 H 10 . (Two Isomerides) 

(a) Normal Butane^ CHg • CHo • CHg • CHg [diethyl), is a gas which liquefies at -|- 1°, 
and at 0° has the sp. gr. 0*600. It is found in Pennsylvanian petroleum, and is prepared 
in the laboratory by the ordinary methods (p. 33). 


[h) Lsobiitane, CHg • [trimetliylmethane or iiietliylpropane), is a gas which 

U-Hj 

becomes liquid at — 115°; it is contained in petroleum and is prepared by the usual 
methods in the laboratory. 


PENTANES, C 5 H 12 


These hydrocarbons are found especially in the petroleum products boiling a little 
above 0 °, and are placed on the market under the names of rliigolem and cymogen for 
ansesthetic purposes and for the manufacture of artificial ice. The three isomerides 
predicted by theory are known ; 

[а) Normal 'pentatie, CHg ♦ [CHgjg • CHg, is a colourless, mobile liquid boiling at + 37*3°, 
having the sp. gr. 0-454 at 0°, and solidifying only at about — 200° ; it is hence used for 
making low- temperature thermometers, and as a lubricant in the Claude liquid air machine 
(Vol. I., p. 345). It occurs abundantly in Pemisylvanian petroleum. 

( б ) Isopentane, CHg • CH • CHo • CHg (methy 1-2-butane or ethylisopropyl), is a light 

I 

CHj 

colourless liquid boiling at 30*4°, and having the sp. gr. 0*622 at 20°. It is found in large 
quantities in petroleum, and may be prepared aitificially from isoamyl iodide by the 
ordinary methods (p. 33). 

CH CH 

(c) Teframethyhnethane, (dimethyl-2-propano), is found in the gases from 

Vjllg t.'-Tl-S 

petroleum, and is liquid at -f 9° and solid at — 20°. It may be obtained in the laboratory 
either by chlorinating acetone, CHg • CO • CHg, by means of phosphorus pentachloride 
and treating the dichloropropane thus formed with zinc methyl : 


CH, 


>C<Q 


-CH, 


CH: CHg 


or from tertiary butyl iodide by the action of zinc methyl : 


2 


CHg C 
CH-r^^I 


4-Zn<™^=ZnIg-|-2 


CH. 


>C< 


C 

CHg* 


The constitutions of acetone and tertiary butyl iodide having been determined [see later), 
that of tetramethyl methane is fixed, and, since the redaction of butyl iodide yields isohutane, 
■ the constitution of the latter is proved. 


HEXANES, 

The five isomeric hexanes which should exist are all knovui [see Table, p. 32). They 
are found particularly in petroleum ether, gasolene, and ligrom [i. e., in the portions of 
petroleum boiling below 150°), together vdth heptanes and octanes. They are formed also 
from shaly coal like camiel coal and boghead. 


HIGHER HYDROCARBONS 

These are very numerous and are found in petroleum and in its residues (vaseline, 
paraffin wax, etc.) ; they distil unchanged (after C^g) only in a vacuum, the boiling-point 
being thus lowered by about 100 °. 

Many of these higher normal hydrocarbons were prepared synthetically by Krafft by 
reducing the corresponding fatty acids, alcohols, and ketones. They* are generally soluble 
in ether, petroleum benzine and, partly, petroleum itself, but are insoluble or almost so in 
alcohol, acetone, acetic acid, acetic anhvdride, etc. 

HEPTACOSANE, and HENTRIACONTANE, are found in beeswax 

and in American tobacco (about 1 per cent.), the former being also found in soot. 

HEXACONTANE, CgoHi 22 ’ Is the highest term of the paraffin series to be prepared 
synthetically by Hell and Hagele in 1889 by condensing 2 mols. of myriejd iodide, CgoHgj^T, 
by fusion \wth sodium, which removes the iodine as Nal. It melts at 102°, is slightly 
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soluble in alcohol or ether, and distils, to some extent unchanged, in a vacuum. It has 
probably the normal structure and thus forms the longest carbon atom chain as yet prepared 
synthetically. 

Some of the saturated hydrocarbons of the aliphatic series have important 
practical appHcations, especially as sources of light and heat. In illuminating 
gas are found the gaseous members, in petroleum the liquid, and in paraffin 
wax the solid ones. 

A brief account of the industrial treatment of these three products will 
now be given. 

ILLUMINATING GAS ^ 

Illuminating gas and the other products of the dry distillation of coal vary in com- 
position with the nature of the coal employed. In gas manufacture, account has to bo 


^ History. This industry began with the nineteenth century, its apotheosis being reached 
at the end of that century with the application of the incandescent gas-mantle. From the year 
900 the Chinese have employed petroleum vapour, distributed by wnoden pipes, for lighting 
purposes. It was, however, only in 1739 that James Clayton, in investigating the causes of 
the emanation of inflammable gas often occurring in the Lancashire mines, heated coal in closed 
vessels and collected the gas (illuminating gas !) developed in large bladders. In 1767, Watson, 
in laboratory experiments on a small scale, obtained gas, ammonia, and coke by the distillation 
of coal. Tliis was the time when coke was beginning to be employed in metallurgical operations, 
and in 1786 Lord Dundonald used the gas from the coke furnaces to light his house, and Pickcl 
lighted Ms own laboratory with the gas formed on distilling bones. More important trials were, 
however, made in Great Britain by W. Murdock (or Murdoch), for the illumination of large works 
by distilling coal. Helped in his undertaking, first by Watt, the inventor of the steam-engine, 
and afterwards by Ms pupil Clegg, he succeeded in 1805 in extending lighting by gas to many 
establishments. The distillation of wood was studied by the engineer Lebon, in Prance, and in 
1799, a patent was taken out “ for a new method of employing fuel more efficiently, for heating 
or lighting, and of collecting the various products." Some days later, all Paris was admiring 
the gas-lamp wMch Lebon used to illuminate the gardens of the Hotel Seignelay. Probably 
Lehon did not then foresee the wonderful development which was to take place in gas lighting 
in the nineteenth centuiy, or dream of the monument to be erected to Mm many years later in 
Ms native town, Chaumont, or of the statue which was dedicated to Mm in Paris in 1905. 


It was when the use of large plant was attempted for hghting by gas that technical difficulties 
cropped up, inconveniences which were negligible on a small scale becoming insurmountable in 
the case of large works. It was already noticed that the new illuminating gas burned vdth a 
rather sooty flame and disseminated unpleasant odours, whilst in the works the piping often 
became obstructed owing to solid distillation products being carried by the gas. If, in addition, 
we consider the popular prejudice to any innovation, aggravated by the fantastic propaganda of 
certain scientific men, especially in Prance, who exaggerated the danger of explosion, it is easy to 
conceive how unpromising the conditions of this industry were up to 1812. To Clegg is due the 
elimination of the main technical difficulties, the tarry matters carried along by the gas bein" 
removed by means of a number of cooled tubes, and further purification being effected by lim^ 
the gas being then collected in large gasometers, from wMch it was distributed by pipes to the 
consumers. Thus, it became possible in 1813 to light part of London with coal gas, and in 1815 
Winsor illuminated certain quarters of Paris. In 1816 Bartolomeo Bizio lighted the portico of 
the Academy of Pine Arts in Florence with gas distilled from wood. 

Nobody on the Continent dared attempt a similar industry; everybody was distrustful, 
not foreseeing its great future and being frightened by the technical difficulties which met this, the 
first great chemical industry, which was thus for many years confined to England. It was in 
this country that it underwent the most rapid extension and perfection (in 1823, fifty -two towms 
were lighted by gas), the scientific and practical men giving it their entire support. In 1810 a 
powerful English company was founded by Oegg and became later the famous Imperial Contin- 
entaX Gas Association, which, with a capital of £2,000,000 in 1824, £3,500,000 in 1874, £3,800,000 
in 1897, and £5,000,000 in 1908, was formed with the view of undertaking the lighting of the 
principal European towns. Even to-day many towns are still pledged to contracts, as yet 
unexpired, with the great English companies. London itself, witMn the last few years, has found 
the greatest obstacle to the introduction of electric lighting in contracts with gas companies 
wMch have already made fabulous profits. 

In Germany, the first small gas-plant was that of Lampadius in 1816, used for Ms own establish- 
being subsequently effected as a result of the work of Plashoff and Dinnendhal. 
At Berlin the first attempt was made in 1826; then followed Hanover, and in 1884, 557 German 
towns were lighted by gas, the annual consumption of coal being 1,700,000 tons. In Austria the 
erected in 1818 by Prechtl. Jh America, Baltimore was illuminated by gas in 
1806, PhiladelpMa in 1822, and New Yorkin 1834. At ffilan gas lighting was introduced in 1832. 

After 1870 all the principal populous centres and even the small towns were lighted by gas, 
all objection to this form of illumination having disappeared; experience had shown that the 
ejected terrible explosions of mixtures of gas and air did not occur, and that the small accidents 
which did happen were not more serious than those occurring daily with paraffin lamps. The 



LIGHTING GAS 


39 


taken of the value of the by-products : coke, tar, ammonia, etc., which sometimes con- 
tribute largely to the cost of manufacture. Consequently, mixtures of coal arc u.sed which 
give good coke, the luminosity of the gas from certain coals being supplemented by mixing 
with others rich in hydrogen and bitumen, such as some English coals, like cannel coal, 
boghead, various shaly coals, etc. ; these are, however, very expensive and have not been 
used during recent years, since the luminosity is now obtained by means of incandescent 
mantles (Auer). In general, coals used for making gas have percentage compositions vary- 
ing between the following limits : 0,78 to 85; H, 5to8; 0,6 to 13; N, 1-2 to 1-9, • andS, 
0*1 to 2, a higher content of sulphur being harmful; they should leave little ash on burning, 
and preference is given to those yielding considerable quantities of volatile products. 
The more hydrogen there is, the greater will be the useful yield, since every kilogram of 
hydrogen can gasify 4 to 5 kilos of carbon (according as more or less methane, ethylene, 
etc., is formed). Gas-coal giving good coke contains more than 15 per cent, and less than 
35 per cent, of volatile products. 

The oxygen present in coal gives rise to larger or smaller quantities of carbon dioxide 
and monoxide, the latter being a powerful poison {see later, p. 58). Only 10 to 15 per cent, 
of the nitrogen present in the coal is transformed into ammonia, 20 per cent, being found in 
the gas and 60 per cent, in the coke, whilst 2 to 3 per cent, forms hydrocyanic acid and 
cyanides in the gas and tar. Moisture in the coal is harmful, since water causes an increase 
in the amount of carbon dioxide in the gas and also absorbs heat for its evaporation. 

In order to judge of the value of the coal, distillations are carried out, in gasworks, 
in small laboratory retorts containing a weighed quantity of coal and heated at a very 
high temperature (900° and even higher) ; the gas and vapours are washed in bottles, 
first with lime-water and then with lead acetate, the pure gas being collected in a cylinder 
over mercury, so that it may be measured and its composition and illuminating power 
investigated. In general the laboratory test gives a yield of gas somewhat lower than 
that obtained in the large works retorts, since in the latter the tar also undergoes partial 
decomposition and gasification ; in laboratory tests it is, therefore, necessary to raise the 
temperature very gradually and to heat strongly only at the end. 

To judge of the practical value of a coal, use is made of the product of the yield of gas 
(that is, the number of cubic metres from 100 kilos of coal) and its candle-power. For any 
given coal, this product is almost constant, increase of the temperature of distillation 
resulting in a greater yield of gas, but of a lower illuminating power. Naturally this rule 
holds only between certain limits of temperature, which are never exceeded in practice. 

Of various coals, the best is that which gives the highest value for this product, but 
account must also be taken of the yields of coke, ammonia, and tar, and of the specific 
gravity of the gas. 

The temperature of carbonisation varies with the nature of the coal, and, in general, 
with fatty coals (bituminous) the evolution of gas begins at 50°, and at a red heat vapours 
of liquid products pass over ; at a higher temperature, gaseous products predominate. 

The most convenient temperature usually lies between red heat (cherry-red) and 
yellowish white heat. In general, after an hour’s heating (with a furnace at 1400°), the 


coal in the retort reaches 400°, after three hours 950°, and after five hours 1075°. On heating 
1000 kilos of English coal at different temperatures the following results are obtained : 


At dull red 

At bright orange 


heat. 

red. 

{a) Gas obtained (cubic metres) 

234 

340 

(6) Candle-power ..... 

20-5 

15'6 

(c) Gandies per 1000 kilos — a X b 

4800 

5300 

{d) Composition : Hydrogen 

38-1% 

48 % 

Carbon monoxide . 

8’7% 

14 0/^ 

Methane 

42-7% 

30-7% 

Heavy hydrocarbons 

7-6% 


Nitrogen 

2-9% 

2-8% 


Gas prepared at a higher temperature has a lower calorific power. 

victory over petroleum, although furiously contested, was especially complete in the case of 
public lighting. 

To this success have contributed, most of all, the incessant improvements of methods of manu- 
facture which have resulted in the supply of a purer, more abundant, and more economical gas. 
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The composition of gas varies also according as the heating is more or less prolonged.^ 
It will be seen that the diminution of luminosity is less proportionally than the increase 
in volume of the gas, and to-day the distillation is pushed to a temperature of 1100 ° to 1200 °, 
this resulting in greater (absolute, not relative) quantities of light, luminous hydrocarbons 
and of hydrogen being obtained. It is hence important to employ suitable mixtures of 
coals, so that these may be impoverished as much as possible at a high temperature, the 
relatively low luminosity being compensated for by the addition of special fatty coals, 
as already mentioned, and also, at the present day, of benzene. 

The duration of the distillation varies from three to five hours ; the extra amount of gas 
that would be obtained by heating further would be insufificient to make up for the cost 
of heating. Further, less and leaher"^co7«:e is obtained ; nowadays the tendency is to produce 
a coke containing at least 8 per cent, of volatile products, since this burns more easily 
for domestic heating. One hundred kilos of Westphalian coal give about 71 kilos of coke, 
4 kilos of tar, 5 kilos of ammonia liquors, and 17 kilos (30-5 cu. metres) of gas; loss, 
3 kilos. 

The COMPONENTS OF ILLUMINATING GAS obtained from coal are 
very varied and may be embraced in three groupis : {a) H, CO ; {b) light- 
yielding gases and vapours : ethane, ethylene, butylene, acetylene, crotonylene, 
allylene, pentyiene, benzene, toluene, xylene, thiophene, styrene, indene, 
naphthalene, acenaphthene, fluorene, propane, butane, pyridine, phenols; 
(c) inert or harmful impurities : CO 2 , NH 3 , HON, SHg, CSg, COS, N, etc. 
Naturally the majority of these substances are present only in traces. 

The percentage composition hy volume of the gas usually varies between the 
following limits : CO 2 , 1'25 to 3*20 ; CO, 4*5 to 6*5 (for English coals, 6 to 9, 
and for German coals, occasionally 9 to 11 ) ; H, 42 to 55; 32 to 38 ; N, 

1 to 3 ; 0, 0 to 0 * 5 ; aromatic hydrocarbons (benzene, etc.), 0*8 to 1*4 ; unsatur- 
ated hydrocarbons (ethylene, 2 to 2*5; acetylene, 0*1 to 0*2; propylene, 0*2 
to 0*5, etc.). The specific gravity of gas varies from 0*350 to 0*550 (air = 1) 
and 1 cu. foot of gas weighs rather more than half an ounce. ^ The calorific power 
of illuminating gas ranges, as a rule, from 4000 to 5000 cals, per cubic metre, 
thus producing the same heating effect as 3*4 kw. -hours. One cu. metre 
of gas requires for its complete combustion about 5*5 cu. metres of air (less if 
mixed with water-gas, 1 cu. metre of this needing only 2*3 cn. metres of air). 

In addition to the hghting power {see later, p, 62), for which it is mostly 
used, to the heating power, which makes it a valuable source of mechanical 
energy for gas engines {see p, 60), to the relatively low specific gravity, wdiich 
renders it useful in aeronautics, attention must he paid to the explosive pro- 
perties of illuminating gas when mixed with air (see p. 34), and to its poisonous 
properties even when present in only 2 per cent, by volume. Its poisoning 


^ Wright analysed the gas for three different periods, starting from the beginning of the distil- 
lation, and V. B. Lewes (1911 ) analysed the gas generated at 500° and at 1000°, the results being ; 



After 

40 minutes. 

After 

three hours. 

After 
six houis. 

At 500“. 

At 1000°. 

HgS .... 

Per cent. 
0-4 

Per cent. 

0*78 

Per cent. 

0*38 

Per cent. 

Per cent. 

COo .... 

2-08 

1*34 

0*59 

2*5 

M 

co“ 

4-52 

6*73 

7*52 

7*3 

6-2 

CH 4 .... 

6646 

3746 

14*61 

48 

13 

H 

25*36 1 

48*36 

71*94 

27*5 

71 

Heavy hydrocarbons 

8*51 S 

3*13 

2*78 

13*5 

i 7 

N 

2*37 

2*20 

2*18 

1*6 

1*7 


^ By passing ordinaiy gas into a retort filled with coke at 1200° or a higher temperature, a 
new gas, deprived of heavy hydrocarbons, oxygen, and carbon dioxide, very poor in methane 
(6 per cent.), rather richer in carbon monoxide (7 to 8 per cent.) and very rich in hydrogen (up to 
84 per cent. ) is obtained. Thi.s new gas can be used for aeronautical purposes, its specific gravity 
being about 0*23 {Continental Gas Gesellschaft, Dessau, 1910. See also note, p. 58). 
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effect is clue especially to the carbon monoxide present (see pp. 43, 58), but also, 
to some extent, to other components. W'hen the first symptoms of poisoning 
are observed, fatal consequences may be prevented by vigorous respiration 
of pure air or, better, oxygen, while the use of compressed air according to 
Mosso’s system also gives good results (Yol. I., p. 190). 

^ RETORTS. Murdoch’s first retorts were of cast-iron, placed vertically in a furnace 
(Fig. 44), but as it was inconvenient to charge them Murdoch introduced inclined retorts 
(Fig. 45), which he changed later into horizontal retorts of cast-iron (Fig. 46). 



In 1820 J. Grafton suggested the use of horizontal retorts of fireclay, since these resist 
heat better, cost less, and last longer. The most convenient form was that with a Q -shaped 
or elliptical section (Fig. 47), and the most suitable dimensions for these horizontal retorts 
were found to be : width of the mouth, 43 to 53 cm., height at the middle, 31 to 38 cm., 
and length, 2 to 3 metres. One end w'as dosed and the mouth was s'wollen at the edge, 
which carried screws serving to fix the metal cover fitted with the delivery tube. These 
retorts were charged, according to 
their capacity, with 100 to 200 
kilos of coal, broken into uniform 
lumps. Various mechanical con- 
nections were devised to allow of 
the retort being charged and dis- 
charged rapidly and with the least 
expense for hand labour, and one 
of the best arrangements, with 
a battery of retorts placed in 
furnaces over gas producers, is 
that shown in Fig. 48. However, 
since 1890 it has become general 
in the principal European towns 
to use inclined retorts of elliptical, 
section, which were suggested anew 
by Coze and are furnished with 
two mouths projecting from the two ends of the furnace (double-ended or " through ” 
retorts). When these are inclined at an angle of 32° and are charged automatically 
from above, the coal distributes itself in a layer of mfiform depth along the whole 
of the retort (Fig. 49). The gas-discharge tube is inserted at the lower mouth, which 
at the end of the operation is opened, the coke, while still hot, being completely and immedi- 
ately discharged into an iron truck or on to a moving endless perforated band, the pieces 
of coke remaining alight being sprinkled with "vvater before being discharged on to the coke 
ground. Similar retorts are used with elliptical mouths; the upper one is rather larger 
(63 cm. X 35 cm.) than the lower (57 cm. X 30 cm.), and the length is about 3-8 metres. 
At the present day they vary from this length up to 6 metres, 



Fig. 47. 



Fig. 48. 


inconvemences the retorts are to-day put in indirect communication with aspirators or 
pressure regulators placed beyond the washing apparatus (scrubbers, etc. ). 

The layer of coal in the retort should not be too deep, as otherwise the gases given off 
are decomposed on contact with the Tipper layers of hot coke. 

With the view of avoiding decomposition of the more luminous gases, which are evolved 
principally at the beginning of the distillation, Bentrup (1903) proposed passing a con- 
tinuous current of water-gas {see Vol. I., pp. 365, 486) into the retort to remove these 
products rapidly from contact with the hot walls of the retort; the water-gas is produced 
in an adjacent retort also containing red-hot coke. 

As often happens in other fields of work, so also in the industries, a return to older 
methods often offers advantages. Thus it appears at the present time that the vertical 
retorts again brought into use by Settle and Padfield are destined to supplant the inclined 
ones. In 1905, J. Bueb made works experiments with a battery of ten retorts, 4 metres 
in length, placed vertically in a furnace and provided with an upper aperture for charging 
and a lower one for discharging (that is, the furnace surrounds only the external vertical 
surface of the retort, which is heated by hot gases circulating through numerous channels, 
as shown in Fig. 50). In this way a larger charge (up to 500 kilos) is used, the luminous 
gases are not decomposed and the yield of gas is higher, as the temperature of the retort 
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reaches 1300° to 1400° C. ; at the same time very little naphthalene is produced, the incon- 
venience caused by depositions of naphthalene in the cold parts of the pipes' being thus 
avoided. In addition, the yield of ammonia is increased by 35 per cent., the separation 
of the tar is facilitated, and the cost of labour diminished ; a less amount of a harder coke 
is obtained, and the quantity of tar is considerably decreased, while the production of 
gas is increased (Ger. Pat. 155,742). Further, the tar is more fluid and brown, and differs 
in composition from ordinary tar, containing only 2 to 4 per cent, of free carbon in 
place of the 20 per cent, or more in other tar {see Tar), and also only one-half as much 
naphthalene. 

Fig. 50 shows a double battery of Bueb vertical retorts, 4 metres high and slightly 
conical in shape, the wider mouth at the bottom. By means of the elevator, A, the coal 
is introduced into the hopper B C, whence it passes into the movable scoops, D, which 
carry it to the retorts. At the end of the distillation (w'hich lasts seven to eight hours) the 
coke is discharged into the metal 
hopper F, and thence into the 
channel, G, where a band running 
on rollers carries the spent coke to 
the store. The gas issues at the 
top of the retort, and by the tubes 
E and H passes into the hydraulic 
main, /, and so into the piping, L ; 
the tar and the ammonia liquors 
are discharged from the hydraulic 
main into the tube M, leading to 
the depositing tank. 

In order -to increase the 3 rield of 
gas by 10 to 15 per cent, it has 
recently been proposed to utilise 
the high temperature of the coke 
(1200° to 1400° C.) remaining in 
the retorts at the end of the 
distillation to produce a certain 
quantity of water-gas by passing a 
current of steam in at the bottom 
of the retort for an hour. It can- 
not, however, be denied that by 
this wet process the proportion of 
carbon monoxide in the gas is 
increased (see p. 58). In any case 
total yields of 360 cu. metres of 
gas per 1000 kilos of coal have Fig. 49. 

been obtained in this way. 

The economy in labour effected by this retort is very great, and it is calculated that, 
wliilst with horizontal retorts every workman produces about 1 600 cu. metres of gas per 
day, with the vertical retorts the amount reaches 7000 cu. metres. 

From 1906-1910 furnaces with 507 batteries of 5500 vertical retorts, representing a 
total daily production of 2,200,000 cu. metres of gas, have been manufactured by one single 
firm at Dessau (for Berlin, Cologne, Zurich, Trieste, Genoa, etc. ). 

In the working of these vertical retorts, which do indeed represent a marked advance on 
the Coze inclined retort, certain disadvantages have been observed, the coke formed being 
harder than the ordinary and not so well suited for domestic purposes, whilst the gas-dis- 
charge tubes soon become obstructed with tarry matters, so that they require cleaning every 
three to four days ; distillation with steam during the last phase of the heating relieves 
this inconvenience to some extent. By some the production of water-gas as described 
above is not regarded as advantageous, the same quantity of water-gas being obtainable 
more economically with special plant. 

A further and more recent modification consists in the use of ckamher furnaces (similar 
'to those for making metallurgical coke, see Vol. I., p. 453). 

At Munich in 1908 and at Vienna in 1909 inclined chamber furnaces were employed 
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(Kopper system, Fig. 51). Coal from the hopper, 2, passes down an inclined plane and 
fills the chamber, 5; the gas is led into the trough, 1, the coke is discharged, by opening 
the large lower door with a crane, 4, on to an inclined plane, and so to the chain transporter, 
6, and the gas-producer, 8, passes the gas to the dust-chambcr, 7, and then to the ascension 
pipes under the chambers ; 9 shows another battery of inclined chambers. With chamber 



Fig. 50. 


furnaces a better gas is obtained with a less expensive plant and a decided economy in 
labour, the daily yield of gas per workman reaching 9000 cu. metres ; the coke consumed in 
the producer to heat the furnaces amounts to 13 to 17 per cent, of the coal distilled. A 
plant of this kind was finished in 1910 at Padua, while one was erected in 1908 at Munich 
and another in 1912 at Vienna, where the heating of the chambers is effected by gas from 
a central generator with a revolving hearth (ace Vol. I., p. 491). 
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With, liorizonta] or inclined retorts the coal is heated for four to six hours ; with vertical 
ones, twelve hours ; and with chamber furnaces, twenty-four hours. 

FURNACES. Retorts were first of all heated by direct flame, but in this way the 
heat is inefficiently utilised; then indirect heating by flues, just as for steam boilers, w’as 
tried, but the nearer retorts wore out very rapidly, so that later several retorts were placed 
in one furnace in direct contact with the hot gases, these being so interrupted and deviated 
that the surfaces of all the retorts were uniformly heated (Fig. 48). 

At the present time the use of the regenerator gas furnace {gas-producers, see Vol. I., 
pp. 487, 634) has become general, coke (usually waste) being employed, and, in countries 
where there is little demand for tar, the latter being used as fuel by injection into suitable 
furnaces. The coke used to heat the furnaces represents about 25 per cent, or 30 per cent, 
of the total amount produced. In some works (e. g., at Turin since 1909) the heating of 
the furnaces is profitably efiected by 9 to 10 per cent, of tar (on the weight of coal distilled), 
burnt in special gas-producers with recovery of the heat.^ 

The wear of the furnaces and retorts is considerable, and their cost is calculated as 
annual expenditure rather than as cost of plant, since they are sometimes remade or 
renovated twice a year. 

PURIFICATION OF GAS. The crude products obtained directly from the carbonisa- 
tion of bituminous coal cannot be used immediately for lighting and other purposes. The 



gas issues from the retorts at very high temperatures (up to 250°), and it is evident that, 
as it gradually cools, various products separate, first of all those which are solid or liquid 
at ordinary temperatures. It is necessary to remove the tar, naphthalene, ammonia 
liquor, and the cyanogen and sulphur compounds by means of the following apparatus. 

HYDRAULIC MAIN. This is a wide circular or semi-circular pipe (diameter, 30 to 
60 cm.) of sheet-iron or cast-iron (Fig. 48, F), containing water and tar, and placed above 
the retorts so that the ascension pipes, M (12 to 18 cm. in diameter), from one battery 
of retorts dip into it, these pipes starting from the lower parts of the retorts and carrying 
of! all the hot gas developed. The pipes, i?, are sealed hydraulically by dipping into water 
in the hydraulic main, in which most of the tar and the part of the ammoniacal liquor 
containing the ammonium sulphate, chloride, and thiocyanate condense, while the ammonium 
carbonate and sulphide condense in the “Standard” {see helow). The hydraulic main 
falls slightly towards one end, so as to facilitate flow of the tar to the store- tanks, in which it 

^ The thermal balance for the distillation of coal is established from the following data : the 
formation of coke is more or less endothermic according to the higher or lower content of oxygen 
and volatile products ; with less than 3 per cent, of oxygen the endothermic effect is almost zero, 
and with 7 to 8 per cent., 250 Cals, per kilo of coal. The distillation of such a coal in retorts 
absorbs 257 Cals., the hot gases and vapours evolved carry away 180 Cals., and the heat remaining 
in the hot coke is 246 Cals., the total for the retorts alone being 683 Cals. Allowing for the heat 
radiated from the furnaces and that lost in the gases and ash, the total endothermic effect amounts 
to 1047 Cals. If the heat of the furnacagases i^ recovered to heat the air for burning the gas from 
the gas-producers, the 22 per cent, of coal (calculated on that distilled) consumed in the gas- 
producers becomes reduced to 10*2 per cent. Good furnaces are those of the Wooda-ll-Duckham 
and Glover-West types with continuous 'working. 
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gradually becomes almost entirely separated from the ammonia liquors, being sold to the 
tar-distiller with a content of not more than 5 per cent, of water at a price of about seventeen 
pence per cwt. (3‘50 lire per quintal). 

The still very impure gas, holding in suspension large numbers of tar drops— which 
render difficult the condensation of the naphthalene— and having a temperature of 60° to 
100° C., is gradually cooled to 12° to 15° C. by causing it to traverse a large iron pipe passing 
round inside the whole of the works and cooled by the air ; the gas then reaches a condenser, 
formed either of a battery of tall iron tubes (Fig. 52) sprayed outside with water, or of a 
series of three or four double- jacketed cylinders, 5 to 6 metres high, cooled inside and outside 
by the air, the gas passing into the jacket (Fig. 53); or the gas may be circulated round a 
number of narrow tubes through which passes a continuous stream of cold water (Fig. 54). 
The cooling thus effected is gradual, and the separation of the naphthalene and tar is 

more complete, while there is no danger of stoppages 
from the naphthalene ; in winter the gas enters the 
cooler at 50° to 60° C. and leaves at 5° to 10° C., 
while in summer it enters at 60° to 70° C. and 
emerges at 30° to 35° C. At the bottom of these 
tubes is found a deposit of tar — which is discharged 






Fig. 52. 


Fig. 63. 


Fig. 54. 


into tanks — and of ammonia liquors at 7° to 8° Be. The consumption of water in 
these coolers is from 3 to 4 cu. metres per twenty-four hours per 1000 cu. metres 
of gas. 

If an obstruction of naphthalene occurs at any point, the pressure — indicated by 
manometers placed along the tubes — shows an increase at that point. 

The gas issuing from the condensers still contains suspended tar, which it is necessary 
to separate. To this end serves Audouin and Pelouze’s tar-separator, shown in Fig. 55. 
The gas passes along the tube B, which opens into a perforated double- walled bell, D, the 
pressure in which is regulated by a compensating weight and pulley, Q. The bell is partially 
sealed hydraulically and rises more or less, leaving open a greater or less number of apertures, 
according to the pressure of the gas. The gas is thus subjected to a kind of filtration 
through small orifices, the fine drops of tar being condensed into larger drops, which separate 
and collect in B, whence the excess is run off at F, The gas thus purified from tar passes 
by the tube C to the ammonia-condensing apparatus. The tar-separator should not be 
kept too cold (12° to 15° C. ). 

NAPHTHALENE SEPARATORS. Naphthalene is a product of the condensation 
by heat of the heavy hydrocarbons of the gas. It is difficult to imagine how pertinaciously 
gas carries through all the purifying operations considerable quantities of naphthalene 
suspended in it, and how slowly this naphthalene is deposited in town mains, ultimately 
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stopping them and causing great inconvenience and expense to consumers and 
manufacturers. 

In 1899 Bueb, on the basis of former experiments of Young and Glover, succeeded in 
avoiding this trouble to a great extent by passing the gas (first washed vith w^ater in the 
“ Standard ” washer-scrubber to separate the ammonia) into a drum similar to the “ Stand- 
ard ” {see below), but with three independent chambers in which the gas is washed with 
anthracene oil of medium density (prepared by the distillation of tar and having the b,-pt. 
350° to 400° C. ),^ which dissolves and fixes almost all the naphthalene. When the oil of 
the first chamber is saturated it is removed, and that of the second chamber passes into the 
first and that of the third into the second ; the third chamber is charged with fresh oil, 
containing 4 per cent, of benzene in order to avoid loss of light-giving products from the gas. 
The anthracene oil, saturated with naphthalene (23 per cent.) may be utilised as such, or 
mixed with ordinary tar. Less than 5 grams of naphthalene per 100 cu. metres remains 
in the washed gas. 



Fig. 55. Fig. 56. 

According to U.S. Pat. 968,509 of 1910, naphthalene may be separated by bubbling 
the gas through an aqueous solution of picric acid, this giving rise to an insoluble naphtha- 
lene picrate, from which the naphthalene may be distilled by means of steam, the picric 
acid being left, 

SEPARATION OF AMMONIA. ^ The washing of the gas for the purpose of removing 

^ It seems that, when a lighter tar oil (sp. gr. less than 1) is used in the proportion of 3*76 
grams per cubic metre of gas, as much as 0*951 gram of naphthalene can be fixed, whereas the 
heavy oil fixes only 0*2 gram ; in the former case as little as 2 grams of naphthalene per 100 
cu. metres has been left in the gas. 

2 Of the nitrogen present in coal (1 to 2 per cent.), about one-half remains in the coke, 2 to 3 
per cent, yields cyanides and hydrocyanic acid, and about 20 per cent, occurs free, and 10 to 15 
per cent, as free and combined ammonia (ammonium sulphide, carbonate and chloride) in the 
gas. It has been shown that the proportion of nitrogen transformed into ammonia is much 
greater than that found in this form in the gas, as more or less of the ammonia undergoes dissocia- 
tion into nitrogen and hydrogen (especially above 800°). The extent of this dissociation depends 
on the nature of the ash of the coal (iron and its oxide act as dissociating catalysts in the hot) and 
on the temperature of the walls of the retort and of the coke. Thus, in horizontal retorts, wherei 
the gas remains more readily in contact with the upper walls, which form a heated arch, the! 
ammonia is more highly dissociated than in vertical retorts and in chamber furnaces, where thej 
gas is in contact more with the central mass of the coal than with the retort walls. 
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the ammonia may be effected by ordinary water, which has a great affinity for ammonia, 
or by the dilute ammonia liquor from the hydraulic main (ffi to 2° Be.), but not with 
that from the condenser, wliich is too concentrated (7° to 8*^ Be.). The most common 
form of apparatus used for this washing is the scrubber or, better still, the “ Standard ” 
washer-scrubber. 

SCRUBBERS are usually formed of a series of coke-towers through whicli water trickles 
(Fig. 56). The gas that enters the bottom of the first tower is washed with dilute ammonia, 
condensed in succeeding towers, and wdien it reaches the last tower it is washed with pure 
water, which dissolves the last traces of ammonia and may be used subsequently for the 
first to^ver, from the bottom of wffiich it is carried off, rich in ammonia, by small syphons. 
These tow’ers, which are of cast-iron sheets, are joined in twos or threes in such a way that 
the gas is conducted from the top of the first tower to the bottom of the second, and so on. 
The interior may be fitted simply with water pulverisers, or it may be filled with coke, 
chips of wood, broken bricks, or, what are more efficient, vertical bundles of sticks, or of 
corrugated and toothed iron sheets. 

Scrubbers are 1 to 3 metres in diameter and 4 to 20 metres in height. A maximum 
production of 1000 cu. metres of gas per twenty-four hours requires 5 to 6 cu. metres of 
scrubber, the gas taking eight to ten minutes to pass through. Before entering the scrubber 
the gas contains 200 to 400 grams of ammonia per 100 cu. metres, whilst afterwards 
this volume contains only 1 to 10 grams. 



57 . Fig. sg. 

The “ STANDARD ” washer-scrubber consists of a large horizontal fixed cylinder of 
iron-plate, divided by septa normal to the axis into seven chambers (Fig. 57 ). This cylinder 
is traversed by a rotatable axis carrying seven paddles of almost the same diameter as the 
chambers and each consisting of two large metal plates to which are fixed the ends of super- 
posed wooden laths with spaces, not exactly superposed, between (Fig. 68). These paddles 
rotate mth the axis and dip into water -whieh fills the chambers to about one-third of the 
height of the cylinder. The pure water enters chamber VII at a and passes from chamber to 
chamber until it reaches the first, the walls separating the chambers being successively 
lower. The gas to be purified moves in the opposite direction, entering chamber I, and 
passing between all the laths of the paddle from the centre to the periphery, then descending 
to the centre of the next paddle in chamber II, as shown by the arrows, 4 and 5, again issuing 
at the periphery, passing into chamber III, and so on. In this way the gas is perfectly 
washed and loses also part of its CO2 and H^S. The water leaves chamber I with a density 
of 7° to Be. - ^ 

At Munich the ammonia is eliminated in the dry way by passing the gas over super- 
phosphate, which fixes it and then serves as an excellent fertiliser (with 7 to 8 per cent, of 
nitrogen) : 1000 kilos of superphosphate are sufficient to purify 32,000 cu. metres of gas 
(with 3 pel cent, of NH3), the small quantity of thiocyanate (0-5 to 2*6 per cent.) which it 
contains having no injurious action on plants. N. Caro (U.S. Pat. 952,560, March 22, 
1910) cools the gas from coke manufacture to 20° and then passes it through a solution 
of ammonium sulphate of 29" to 35° Be. containing 6 per cent, of free sulphuric acid; 
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ammonium sulphate gradually crystallises out and the gas passes off free from ammonia. 
Generallj", however, aminoniacal liquors are distilled with lime and the ammonia fixed 
with sulphuric acid [see Vol. I., p. 358). Every ton of coal carbonised yields 10 to 12 kilos 
of commercial ammonium sulphate. 

For some years increasing use has been made of the method of fixing the ammonia 
of lighting gas by means of concentrated sulphuric acid so as to obtain directly crystallised 
ammonium sulphate, as was suggested by Mallet in 1840, by Laming in 1852, and by Brun 
in 1903, the acid being pre'V’iously heated to 80° to 85° so that the moisture is not condensed 
and the acid not increased in volume. The tar could not, however, be completely eliminated 
beforehand from the hot gas; better results in this direction were obtained in 1905 by 
centrifuging the gas, and in 1906 Otto expelled the tar by passing the gas into towers or 
cylinders in which tar was pulverised at the top. When the hot gas is treated, this is 
taken as it issues from the hydraulic main, the shallow layer of tar wliich always separates 
at the surface of the acid in the neutraliser being run off by a pipe ; the crystalline sulphate 
which separates is extracted continuously by means of suitable ejectors [see also Fr. Pat. 
418,018). In order that water may not condense in the pipes before the neutralising vessel, 
the gas must be kept at about 80° (gas from coke-ovens contains up to 145 grams of water 
vapour per cubic metre, and in this case the temperature of hygi’ometric saturation is 80-7°) ; 
the tar separator must also be warm, in order that water may not condense therein. The 
crude gas may contain 10 to 12 grams of ammonia per cubic metre, and the heat of reaction 
with sulphuric acid suffices to maintain the temperature of the acid and gas ; the heat of 
reaction is greater for the ammonia existing as salts. If less than the above proportion of 
ammonia is present and the gas is saturated with moisture, the heat of reaction is insufficient 
and the acid must be heated. Less convenient is the Koppers’ system, according to which 
the gas is cooled to 36° to separate the tar and then heated by a counter- current of the 
hot furnace gases, the ammonia water condensing at 30° being heated separately to expel 
the ammonia which is introduced into the gas before the latter reaches the neutralising 
vessel. 

SEPARATION OF THE SULPHUR COMPOUNDS AND CYANOGEN COM- 
POUNDS. The volatile or organic sulphur of the coal (0-4 to 0-8 per cent. S.) occurs to 
the extent of about one- half in the impure gas, 97 per cent, of it as and sulphides and 
the rest as CSo and other aliphatic and aromatic sulphur compounds [see above). The 
fixed sulphur of the sulphates and pjuites remains in the coke. 

After the ammonia, the following gases must be removed : HoS, COS, COg, HCN, CSg, 
thiocyanates, sulphur derivatives of hydrocarbons, etc. This is especially important with 
HgS and other sulphur compounds (about 1 to 1-5 per cent, by volume of the crude gas), 
since they partly burn, forming SOg, and partly escape unaltered from the gas-jets, decora- 
tions, metal-work, and paintings being discoloured ; also the poisonous properties of these 
compounds are considerable, the crude gas containing OT to 0*25 per cent, by volume of 
hydrocyanic acid. The test employed by large consumers to detect hydrogen sulphide is 
very rigorous, and is made with lead acetate paper, which blackens on prolonged exposure 
to impure gas. 

The final purification of gas has been in use ever since the beginning of the industry. 
In 1806 Clegg purified gas partially by passing it through milk of lime, but such large 
volumes of liquid were requii’cd that their prejraration was difficult, while the purification 
effected was not complete. He then proposed the use of powffered slaked lime, -which fixes 
carbon dioxide, as well as many sulphur compounds, forming calcium sulphydroxide, 
OH-Ca-SH; but if much CO 2 is present the sulphydroxide is decomposed and SHa regener- 
ated. In 1840 Mallet suggested the use of manganese oxide, which fixes HgS more readily, 
but this method did not give good results.^ 

^ In 1847 Laming succeeded in purifying gas -well and easily by means of a mixture of 160 
parts of lime, 180 of sawdust, and 30 of ferrous sulphate dissolved in scarcely sufficient -w^ater to 
moisten the mass ; it is kept turned over for some days in the air, until it becomes brown owing 
to the conversion of the ferrous sulphate into ferrous %droxide and then ferric hydroxide. The 
latter, in the moist state, is capable of fixing rapidly -the hydrogen sulphide and the sulphides 
[see p. 50 ), wliile part of the carbon dioxide is fixed by the excess of lime. The use of Laming 
mixture spread quickly to almost all gas-works, and only subsequent to 1890 was it replaced 
gradually by natural hydrated ferric oxide [see p. 50). 

In 1868 F, C. Hills attempted to separate the .sulphur compounds of the gas and those occur- 
ring in the ammonia \vater (e.specially as ammonium sulphide and carbonate) by washing the 
gas with this water heated to 90°, since at this temperature theE,o substances dissociate, the 

VOL. n. 4 
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Nowadays the dry purification of lighting gas is effected almost everjnyhere by means 
of natural hydrated ferric oxide (FegO, + 2 Fe(OH) 3 ) in the form of the porous, yellowish- 
brown earth, Imonite, which is mixed with a little lime and sawdust to render the reaction 
less violent. The ferric hydroxide fixes the hydrogen sulphide and other sulphides : 
2 re(OH )3 -j- SHgS = 6 H 2 O -f FegSg (iron sesq[uisulphide or 2FeS + S) with development 
of heat, and also forms iron cyanide or thiocyanate with the hydrocyanic acid, i. e., with 
the ammonium cyanide and thiocyanates. 

The whole of the iron present does not take part in these reactions, but when the mixture 
is exhausted it may be regenerated by exposure and turning in the air for two or three days, 
the whole of the sulphur being liberated : 

FeaSa + 30 -f 3 H 2 O == 2Fe(OH)3 + 3S. 

The mass may be thus revivified and used again some ten or more times, after which 
it is rejected. This product contains 35 to 60 per cent, of free sulphur, 10 to 15 per cent, 
of Prussian blue, 1 to 4 per cent, of ammonium thiocyanate, and 1 to 4 per cent, of am- 
monium sulphate, and nowadays the free sulphur is often extracted by carbon disulphide, 
while from the residue cyanides and ferrocyanides may be obtained ; or the mass is first 
extracted with water to obtain the cyanides and the ammonium sulphate, the dried residue 
being used in place of pyrites in the manufacture of sulphuric acid [see VoL I., pp. 291 
840).i 



These mixtures give good results and are placed on the market under various names : 
Deicke mixture with 66 per cent. FegOg and Lux mixture with 51 per cent. Fe.Oo. They 
are made by mixing the powdered iron residues from the working of bauxite“with soda 
and fusing in a furnace, the silicates which have become soluble being then extracted by 
water and the remaining ferric hydroxide mixed with double its volume of sawdust • 1 m 
metre of this “Lux” mixture, at an initial cost at the Ludwigshafen factory of about 
155. per ton, punfies more than 10,000 cu. metres of gas, whilst natural Silesian ferric oxide 
costs 85. to 125. per ton. 


The P^rifyi^ mixture is arranged in several layers, all oj wliich are traversed by the 
m (Rg. 59 . The cover to the chamber is water-sealed (Kg. 60), and may easily be raised 
by means of a crane when the mass is to he removed for regeneration. It is simpler to 

w liberated and the more soluble ammonia retained ; actually, however a larva 

part of the ammonia is lost, and the process was abandoned. G. F. Claus fl 884 - 18 Q 9 'i’n-nrtli*£i 
on a large scale at Belfast the purification of gas from sulphur compounds bv tisinct 

syntlietieal methods of preparing potassium cyanide (Vol. I., p. 548). 
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use a single layer of the mass 50 to 60 cm. deep, the gas being introduced at a greater 
pressure; it is then easier to discharge the exhausted mass through an aperture in the 
base of the reservoir.^ At the present day the costly labour required for the regeneration 
is avoided by not emptying the reservoir, the mass being kept always oxidised by mixing 
about 1*5 to 2 per cent, of air with the gas before passing it into the chamber; mth more 
air the mass heats too much. 

Many years ago W. Feld attacked the problem of separating the sulphur compounds 
from gas. In his first attempts he utilised the ready absorption of H^S by zinc thiosulphate, 
with separation of S and ZnS, the latter being afterwards converted into the thiosulphate 
by means of SO^ : [a) ZnS^Os -f == ZnS + 4 S + SHgO ; ( 5 ) 2 ZnS + SSOg = S +• 
2ZnS203. A plant erected at the works of the East Hull Gas Company in 1909 did not 
give satisfactory results, and was abandoned in 1910 , the conversion of zinc sulphide into 
the thiosulphate being difficult; further, the regenerated solution absorbs the HoS less 
completely (only 30 to 40 per cent.), zinc sulphate being formed. 

In the second stage of his attempts Feld used iron tliiosulphate, which not only fixes 
the HgS more easily, but also completely fixes the ammonia, with formation of FeS (this 
with SO2 gives the thiosulphate again) and ammonium thiosulphate"; the latter, with iron 
thiosulphate and SOg, yields iron and ammonium polythiosulphates : (c) FeSgOg + HgS + 



2NH3 = FeS + (NHJgSgOg; (d) 2 FeS + 3 SO; = S + 2FeS203; (e) FeS^Og + (NH^)^ 
SgOg + 3SO2 = FeSgOg + (NH 4 ) 2 S 406 . In the hot these polythionates decompose thus : 
(/) FeSgOg + (NH4)2S40e = 3 S + FeS04 -f- 2SO2 + (NH4)2S04. The final mass thus 
obtained is also capable of fixing ammonia and HgS, with separation ©f ammonium sulphate : 
{g) FeS04 + 2(NH4)2S04 + 2NH3 -f HgS = FeS + 3(^014)2804; with SOg, the ferrous 
sulphide yields the thiosulphate (d) again. 

This second process of Feld was tried in the municipal works at Koenigsberg, the results 
being moderately satisfactory, especially if the gas is hot. Feld then found that ammonium 
polythionate (formed from the thionate and SOg, sm reaction e) suffices to fix both the 
ammonia and the hydrogen sulphide : {Ti) (1014)28405 + SHaS = (NH4)2S203 58 + 

3H2O; {%) (NH4)28405 + 2NH3+ 0,0=8+ (1^4)28203+ (NH4)2S04, and, in the 
hot, {h) (1104)28406= (1^04)3804+802+28. The srdphur separating is transformed 
into SO2 by burning it with air, so that ail the ammonia and sulphur of the gas are 
converted into ammonium sulphate withmt using sulphuric acid. The ammonium poly- 
thionate solution is obtained at the beginning of the process from the gas itself, which 

^ This exhausted mass is often utilised for the sulphur it contains, while in many other eases 
the cyanides, thiocyanates, ferrocyanides, etc., are extracted {see Vol. L, p. 841 ); it is also 
sometimes used on roads as a weed-killer — cyanides having a poisonous action on plants — 
and, finally, it has been proposed as a nitrogenous fertiliser (it contains on the average 5 to 6 
per cent, of nitrogen, one-tenth of which is in the form of ammonia and the rest as cyanide), 
but it must he spread on the naked soil two or three months before sowing takes place, as it 
takes time to decompose and become innocuous to vegetation. 
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contains ammonium sulphide (after the Pclouze tar separators), by passing it into the 
Teld centrifugal washer {see belotv) together %vith SOg: 2(NH4)3S + 6802= 2(NHj2S406. 
The Koenigsberg plant is shown diagrammatically in Fig. 61 . The ammonium polythionatc 
solution is pumped by the pump / from the vat C to the upper part of the Feld centrifugal 
washer A, the mouth b at the lower part admitting the gas which issues purified from the 
upper orifice c. When the polythionate is converted into thionate according to equations 
Ji and i, it is discharged into a small Feld washer B, where it meets a current of hot SO 2 
from the sulphur burner S, and collects in the regeneratmg vat C, in which the conversion 
into polythionate is completed. This passes into circulation again until it becomes enriched 
with 35 to 40 per cent, of ammonium sulphate, part of the solution then going through 
the tap e to the boiler J), where it is heated with steam at 100° for five to six hours in order 


to transform the polythionate into ammonium sulphate with separation of sulphur and 
formation of SO^ {see reaction h), the latter being conducted into B. The boiler is then 
discharged into the centrifuge E, which retains the sulphur, whilst the hot ammonium 
sulphate solution collects in the vat G, whence it is delivered into the vacuum evaporator 
H ; from this the ammonium sulphate is discharged, as it separates, into the centrifuge 7, 
the vacuum in the evaporator being maintained meanwhile by the pump KA 

At Koenigsberg 40,000 cu. metres of gas are purified per twnnty-four hours, with pro- 
duction of 400 kilos of sulphur, which is burnt. The absorption of the ammonia is com- 
plete, independently of the temperature of the gas and air, whilst that of the hydrogen 
sulphide, although not complete, is good. Whereas in 1910, with the old plant, 5-5 kilos 
of ammonium sulphate were obtained per ton of coal gasified, in 1912, by means of the 
Feld process, 10-2 kilos were obtained. After the final improvements had been made in 
the process, the municipality of Koenigsberg decided in. 1913 to apply it to their whole 
output of gas, the old cumbersome purifiers being abandoned. The success of this process 
is due largely to the excellent results furnished by "the Feld centrifugal washer, which may 
be applied in other industries where gases containing dust are to be washed or where gases, 
mixed and diluted with other insoluble gases, are to be dissolved and fixed. 

This Feld washer (Fig. 62), patented in 1005, consists of five or more superposed cast- 
iron rings forming a tower divided into as many chambers communicating with one another 
by means of apertures, u, in the plates sepamting the chambers. A central shaft, rotated 
rapidly by the gearing 0, is fitted in each chamber with a cast-iron cross-piece, h, to which 
are fixed four concentric cones of 5 mm. sheet-iron, open at the base and with the smaller 
aperture at the bottom. These cones are 28 mm. apart, the external peripheral cone being 
somewhat higher, and perforated all round for a height of 18 cm. with orifices 5x12 mm. 
When the shaft and cones rotate, the liquid of the basin into which they dip is drawn up 
between the cones and forced out of the mouth at the top, forming a disc of liquid having 
the diameter of the apparatus; the liquid projected against the walls falls to the bottom^ 


//. process {see above) Burkhoiser filed a series of patents 

215,907, 217,315, and 223,713, 1907--1909) according to which the sulphur 
oi the purifying mixture IS utilised hy converting it into SOg by prolonged treatment with a 
stream ot air. Phe air is then passed into the ammonia water used for washing the gas, ammonium 
fteiwards the bisulphite being formed. At this point the ?rudc gas is washed 
this bisulphite solution, which fixes the ammonia with formation of ammonium sulphite 
this being again treated with the air and SO2 ; this process is repeated until the solution deposits 
amniomum sulphite (loss soluble than the bisulphite), which already contains 60 per cent, of the 
sulphate, formed by oxidation with atmospheric oxygen. By further oxidation in the air the 
tormation of sulphate is almost completed, the residual sulphite being removed by sublimation 

BulpMto, (NH4)2S03, has a pronounced alkaline reac- 
tion and exhibits little stability either m solution or in the crystalline state: in the air, and 
rmTcJn i^adily absorbs SO2 to form the bisulphite; 

^ unstable and readily lo.scs SO.,, 

while NH3 re-converts it into the sulphite ; NH4HSO3 + = (NBA., SO,. Owincr to th£ 

of the ammonia with SOg according to the equation” 2NHo + sd, + HoO 
incomplete. This process was improved hy Drehschmidt and tested in the 

2FeS + 0 - ]??0 h- rogonerato feme oxide and SO^ : 

i ^ , r 2* 7“.^ mixed with air, is passed into another scrubber char<^ed 

with the ammonium sulphite solution from the first scrubber; this results in regeneration of the 
ammonium bisulphite which passes to the first scrubber, the process being thTSutoo^^^^ 
Oxidation of the sulphite to sulphate is effected without a gpemal furnace. ^ 
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to be raised again, and so on. The gas to be washed enters at the orifice A, traverses the 
spray in each chamber and rises from one chamber to the next above thi'ough the aper- 
tures a, through which the liquid introduced at D or jS passes down ; the gas finally issues 
at B. A Feld washer with seven chambers 1 metre in diameter is capable of washing 
40,000 cu, metres of gas per day. At Fompey,'near Nancy, three Feld w^ashers 6 metres 
high and 3 metres in diameter were used before the war to wash 3,750,000 cu. metres of 
blast furnace gases per twenty-four hours. 

After removal of the hydrogen sulphide, the gas still contains a certain quantity of 
catbon disulphide (30 to 150 grams per 100 cu. metres, according to the quality of the 
coal used), which is not easy to separate, and on combustion yields SO 2 , this attacking 
metal. In 1913 Knoovenagel and Reis proposed to eliminate the CSg by means of the 
sodiocellulosc from which sodium xanthate is formed (see later, Viscose silk), but it is 
necessary first to remove the COo from 
the gas (by potassium carbonate, see 
Vol. I., p. 477, and the last traces by 
lime). The sodium xanthate may be 
utilised by regeneration of the cellulose 
by suitable wasliing and dissolving it 
in concentrated formic acid to give 
formyleellulose, which constitutes a 
substitute for celluloid. Ten tons of 
sodium xanthate fix the l-2o tons of 
CS 2 contained in 100,000 cu. metres of 
gas. The gas purified in this way still 
retains a small proportion of sulphur 
compounds (one-fourth or one-fifth as 
much as the original CS 2 ), but these 
are not H^S or CS 2 J and cannot be 
eliminated. 

After purification the gas passes 
through large meters to the gaso- 
meters, after traversing a glass bell- jar 
in which is suspended a strip of moist 
lead acetate paper for the detection 
of H 2 S. Gas well purified contains less 
than 2 grams of ammonia and less than 
45 grams of naphthalene per 100 cu. 
metres. 

In order to diminish the quantity 
of carbon monoxide in gas, L. Vignon 
(1911) proposes to heat it over lime 
and with steam, by which means non- 
poisonous hydrocarbons are formed 
(see note, p. 58). 

EXHAUSTERS. To regulate the pressure of the gas in the retorts and other parts 
of the plant, exhausters are placed between the condensers and the tar separators, or even 
after the scrubbers. Sometimes a bell-aspirator is used, consisting of a bell immersed 
in water and capable of being raised and lowered mechanically, and thus, by means of 
suitable valves in the lid, of acting both as exhauster and as compressor. There are also 
piston exhausters, others similar to exhaustion pumps working by eccentrically moving 
blades (Beale type), etc. The so-called Korting injectors, which make use of steam-jets^ 
are also used as exhausters. 

PRESSURE REGULATORS. Since the development of gas cannot be regulated 
in the retorts, whilst the working of the exhausters is uniform, there may at certain times 
be an excess pressure generated, especially if the exhausters cease w^orking or the pipes 
become obstructed. Hence, so-called pressitre regulators are employed. 

To give an idea of one of these simple and ingenious devices, it is shown in Fig. 63 how 
this regulator is combined with a Korting steam exhauster : d is the exhauster, which 
receives steam from a valved tube, h, connected with a bell, I, with a water-seal. The 
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gas from the tube a passes through the exhauster to the pipe g. If an excessive pressure 
develops in the main a, the gas, by means of the tube m, raises the bell I, which in its turn 
effects a wider opening of the steam- valve and so increases the exhaustion. If the pressure 
exceeds a certain limiting value, a spring valve or partition in n opens automatically, and 
the gas discharges also by n into the pipe g, 

GASOMETERS. These are formed of large sheet-iron bells fitting one in the other 
and forming a perfect water-seal when they are inverted in a brick and cement reservoir 

of water. To economise water, the 
reservoir is partially filled up by a 
brickwork cone (termed the “ dump- 
ling ”), starting from the periphery at 
the base and rising towards the centre, 
as shown in Fig. 64 ; the gas exit and 
entry pipes project a little above the 
surface of the liquid. At a certain 
point (not shown in the figure) these 
two pipes can be put into direct com- 
munication, so that, in case of accident 
to the gasometer, the gas may still be 
led to the mains without interrupting 
the work. 

To economise in the number and 
size of the reservoirs and to have 
gasometers of considerable capacity, 
so-called telescopic gas-lwlders are now 
used. These consist of several concentric bells (five or six), of which only the smallest 
is covered, whilst the others are caught up peripherally during the rising (or filling with 
gas), forming a water-seal all round, as shown in Fig. 65. In order that the bells may rise 
centrally they are furnished outside with pulleys rumiing along vertical iron guides. The 
pressure of gas in the gasometer may be calculated from the weight of the bell outside the 
water, together with the surface and diameter of the bell itself. 

The pressure in the gasometer or 
mains may be registered automatically 
by placing them in communication with 
an automatic pressure-measure like that 
shown in Fig, 66. In this the gas raises 
or lowers a bell fitted with an index 
which registers the different pressures 
during the day on a paper wound round 
a cylinder rotated once in twenty-four 
hours by clockwork. 

There are other forms of pressure 
indicators, but the above, although old 
(in principle), is still largely used, being 
simple and exact. 

In order to avoid the serious con- 
sequences contingent on a gasometer 
reservoir cracking or leaking, iron 
reservoirs built above ground are now Fig. 64 . 

preferred, the slightest escape being then ^ 

observable and remediable at any moment. Such a suspended telescopic gasometer is 
shown in Fig. 65. ^ i j 

To meet the enormous daily consumption of gas in large cities more and more capacious 
ps-holders are required--sufficient to contain three or four days’ supply and so avoid the 
mconvemences of an interruption of work (from damage, strikes, etc.). In Milan, 
pnoi to 1908, the largest of the gasometers (measuring altogether 150,000 cu. metres) 
had a capacity of 26,000 cu. metres; after 1908, at the Bovisa (Milan) works a new one 
was brought into use which holds 80,000 cu. metres and cost little less than £40,000. The 
firm of Krupps constructed for their own works a gasometer holding 37,000 cu. metres; 
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the largest at Berlin contains 80,000 cu. metres; that of Chicago 120,000 cu. metres; and 
the last built at New York has a cement reservoir and a capacity of 500,000 cu. metres; 
in London in 1888 one was built holding 230,000 cu. metres, and in 1892 another with 
six bells, containing 345,000 cu. metres and having a diameter at the base of 95 metres ; 
the last built at Vienna contains 250,000 cu. metres. Naturally these gas-holders represent 
large amounts of capital, the cost even for capacities of 30,000 to 40,000 cu. metres being 
tens of thousands of pounds. Fig. 67 shows diagrammatically the arrangement of a 
gasworks at the middle of the nineteenth century. 

PRESSURE REGULATORS FOR CONSUMERS. In order that consumers may 
have a uniform pressure in their pipes and obtain regular, non-oscillating flames with a 
normal consumption of gas, it is necessary to use pressure regulators where the principal 
mains leave the works, these regulating the pressure automatically even when the 
consumption is at its maximum or minimnTr> . Since gas is 
lighter than air, the pressure is regulated more easily, and 
the flow facilitated, by constructing the works at the 
lowest point of the town. In the gas-holder the pressure 
is usually 15 cm. of water, whilst in the mains it is about 
2 cm. 

A regulator as ingenious as it is simple was devised by 
Clegg and is in general use at the present time (Fig. 68). 

In a metal cylinder, a, filled with water, a bell, 5, may be 
raised or lowered according as the gas supplied at / has a 
greater or less pressure. The pressure in the bell may be 
varied by altering the size of the aperture in tube / by 




m 

Fig. 65. Fig. 66. 

which the gas is admitted. The orifice i at the upper end of / can, indeed, be closed to a 
greater or less extent by a metal cone, e, attached by a chain to the bell, with which it rises 
if the pressure is excessive — thus diminishing i and hence the pressure in the bell — or falls 
if the pressure diminishes too much, more gas then entering through i and the normal 
pressure being thus re-established. This normal pressure may be fixed according to the 
needs of any particular time, by placing on the bell weights, d, calculated to give the 
required pressure. By means of this simple regulator the gas issues from at a constant 
pressure and may be passed immediately into the mains. 

In general, however, the pressure is not the same in all the mains, but diminishes as 
the distance from the works increases. It is, however, not advisable to have the pressure 
too high, since the losses due to unavoidable leaks in the pipes are greater the higher the 
pressure, and the latter is usually maintained at 15 to 20 mm. of water at the points most 
remote from the works. ^ 

^ Leaks in the street mains are detected by driving into the ground glass or iron tubes con- 
taining paper soaked in palladious chloride or iodic anhydride, which is darkened by the action 
of CO (see Vol L, p. 484). 
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TRANSPORT OF GAS TO A DISTANCE. Attempts have been made to convey 
sas to great distances under 1 or even 2 atmospheres pressure, in oidei that smallei pipes 
might be used. Under these conditions, however-, increased leakage occurs, while some- 
times liquid and solid matter separates and obstructs the pipes. Avoidance of this incon- 
venience requires special purification of the gas and its subjection to intense cooling (accord- 
ing^ to Lipinsky’s Ger. Pat. 257,534 of 1912, the CO is transformed into methane by 
the method of Sabatier and Senderens : see note, p. 58), the naphthalene being carefully 
separated. Gas produced in vertical retorts is best suited for distribution under pressure. 

In order to render the distribution of the gas to considerable distances more economical, 
attempts have been made to employ a pressure of 1 to 1-5 atmos. on the gas, the latter 
being preferably from vertical retorts and as free as possible from naphthalene. 

GAS-METERS. These are used to measui-e the gas in factories and private houses, 
since noTOdavs payment is according to the volume consumed and not according to the 





G = horizontal retorts; B - hydraulic main for separating the tar; D ~ tubes for cooling 
gas ; 0 ” washing toirers [scrubbers ) ; M = chambers containing Laming mixture for purifying; 
Q = single -lift gasholder; 88 - entry and exit gaspipcs. 

number of burners, as was once the custom. Dry meters have disappeared almost every- 
where, general use being made of the water meters devised by Clegg and by Malam, and 
since im.proved so that they are now perfect gas-measurers. The principle on which their 
working is based is shown clearly by Fig. 69, representing an old form of the Malam meter. 
A cylindrical chest, J, half-filled, with water, contains a drum rotatable about a horizontal 
axis and divided into four chambers. A, B, G, and D, communicating at the centre by 
means of the narrow slits 6, and opening into the periphery at X by the slits c. The gas 
is led by the tube a into the central part of the drum and, in the position sliowm in the 
figure, communicates only with the slit h of the chamber D; the latter is thus slowiy filled 
with gas (which has a slight pressure), the drum being thereby raised and water caused to 
escape from e. Thus the chamber D becomes fiUed with gas in the position occupied by C, 

^ Qasw^orks always experience gas losses, indicated by the difierenoo between the amounts 
registered by the works meters and those shown by all the meters of their customers. Such 
losses vary from 1-5 to 18 per cent., and are due, not solely to leaks in the pipes, but more especially 
to errors in the meters, to condensation of water in the pipes caused by differences of temperature, 
etc, In Pennsylvania these losses are only 1-9 per cent., in Virginia 18 per cent., in Bradford 
4*8 per cent., in Glasgow 8*7 per cent,, in Stuttgart (Germany) 1*2 per cent., and in Essen 
13 per cent. Losses due to leakage may be diminished to one-tenth of their usual amount by 
lising pipes welded autogenously every 10 metres into lengths of 60 metres. 
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which has allowed its gas to escape gradually, the rotation indicated by the arrow having 
caused it to fill with water through the corresponding sht h. Subsequently the gas fills 
the next chamber, A, which displaces D, and so on. The gas passing thi'ough this apparatus 
proceeds along the tube K to the consumers burners. If all the taps are turned off, the 
drum cannot allow the gas to escape from it, and hence does not turn. The chambers 
have definite volumes, and if the axis of the drum is connected with a suitable magnifying 




b: 


apparatus the number of turns of the drum and consequently the volume of ^as traversing 
it may be measured. 

This apparatus exhibits many structural defects which cause inaccurate measure- 
ments, and are now’ avoided by the meter shovni in Figs. 71, 72, and 73. Here 
the drum has transverse walls which are inclined and not parallel to the axis (Fig. 70, 
V, IF), so that the filling with the gas or water and the discharge td.ke place gradually 




and do not cause oscillation of the flame. The gas enters by the tube I into the 
division Jc (Figs. 71 and 72) and passes into E through the orifice i, regulated by a floating 
valve, h. Thence the gas goes to the ante-chamher B by way of the elbow-tube n x, opening 
above the level, W, of the water. The aperture o connecting the tube x with the ante- 
chamber is large enough to admit of the passage of the axis of the drum, but remains 
closed owing to the level of the water being above it. As the slits of the drum gradually 
present themselves, the gas‘"enters successively the chamber of the drum from one side 
and issues at the other into__the_^outer casing A, then passing through the tube g to the 
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gaspipes. Water (or better, a mixture of water and glycerine, which does not freeze) is 
introduced by the opening V, the level of the liquid being fixed by the tube n, so that the 
flow of gas through the valve i is regulated ; the excess of water is discharged by the tube n 
and passes into the reservoir w?., thence by the tube t to S, the orifice, u, of which is left 
open while the water is being added. The axis of the rotating drum has, at one end, a 
continuous screw, a (Fig. 73), which moves a toothed wheel, g> ; the latter, by means of the 
axle e, produces rotation of a clockwork arrangement in F, so constructed that one wheel 
indicates litres and tens of litres, another cubic metres, a third tens of cubic metres, and a 
fourth hundreds of cubic metres. 

The last few years have seen the successful introduction of the new dry meters (which, 
however, rapidly become less exact than the ordinary wet meters, when in use) and of 
automatic meters, of which Berlin alone contained 84,000 in 1905. By placing a 10-pfennig 
piece into one of these automatic metres, 500 litres of gas are supplied. In 1906 Berlin 
had, in addition, 191,000 ordinary meters. 

YIELD, VALUE, AND PRICE OF GAS. These vary with the nature of the coal 
used and with the conditions of carbonisation. In the large gasworks of the principal 
European towns the yields (per ton of coal carbonised) usually vary between the following 
limits : coke, 63 to 76 per cent., "more commonly 69 to 71 per cent. (1 hectolitre weighs 
~ 34 to 37 kilos) ; tar, 4 to 6 per cent. ; ammonia hquors, 
9*8 to 12-5 per cent. {i. e., 0-8 to 1 kilo of ammonium 
sulphate); gas, 25 to 31 cu. metres (of sp. gr. 0-360 
to 0-480). At Berlin every ton of coal yielded on the 
average 287-3 cu. metres in 1900, 305 in 1901, 320 in 
1902, and 324-4 in 1904, in addition to 690 kilos of 
coke, 54 kilos of tar, and 120 kilos of ammonia liquors. 

In many gasworks at the present day, instead of 
installing new plant, increased consumption of gas is 
met by mixing with water-gas (or blue gas), and as the 
calorific value of this is only about one-half that of 
coal-gas, benzene or heavy petroleum vapours are also 
added. Water-gas generators give a rapid production, 
do not form naphthalene or tar, and yield a gas costing 
less than half that of ordinary gas ; this is, however, very rich in carbon monoxide, which 
has caused numerous cases of poisoning in the United States, so that the medical men 
instituted in 1910 a campaign to forbid the use of water-gas.^ Nevertheless, in 

^ To obtain a candle-power of 16 with a mixture of two -thirds of coal gas and one-third of 
water-gas, 40 grams of benzene must be added per cu. metre (4 grams of benzene per cu. metre 
increase the luminosity by 1 candle-power), the cost being about 0-5d. per cubic metro (with 
benzene at £10 per ton). 

During the European War the benzene and toluene (about 25 grams of the two out of the 
35 grams present per cubio metre) were extracted in all countries from coal-gas and from coke 
furnace gas {see Vol. I., p. 451) by washing the gas in towers containing circulating heavy tar 
oil (b.-pt. 250° to 300°), which constitutes a good solvent for these substances; the benzene 
and toluene are afterwards, distilled off from the oil, which is used again {see later, Benzene). 
Naturally the gas loses in heating power and luminosity by this process. 

Water-gas, reinforced with benzene and mineral oils, costs about 15 per cent, more than 
ordinary gas, but presents various advantages ; without expensive plant, a production higher 
than the capacity of the works may be supplied ; part of the coke is utilised, over-production 
and consequent lowering of the price being thus avoided ; less consumption of coal for gas and 
hence less danger of rise in price of coal; less labour; rapid production even in the event of a 
strike. In England over 500,000,000 cu. metres were produced in 1910 and in the United States 
2200 million cu. metres. Water-gas may be rendered less injurious by diminisMng the 
proportion of CO by the processes mentioned in Vol. I., pp. 141, 484, and 486, or, as at the Lyons 
gasworks, by passing the gas mixed with steam over ferric oxide at 400° to 500° ; FcaGg -f 4CO -f 
HgO = 4 CO 2 -f Ha -f 2Fe, the COg being then removed by washing with water. Water-gas 
contains 85-4 per cent. H, 9-4 per cent. CO, and 5-2 per cent. 0 and N, has the sp. gr. 0-18 and 
the calorific value 2490 Cals, per cu. metre, and is most suitable for airships {see note, p. 40). 

Attempts have also been made to diminish the content of CO by means of the Sabatier and 
Senderens process (see p. 35), i. e., by converting it into methane by the action of finely divided 
nickel at 250° ; for this conversion to be complete the ratio between the CO and the Hg must 
be 1 : 5 (water-gas actually contains about 40 per cent, of CO and 52 per cent, of Hg by volume). 
The nickel catalyst is rapidly paralyied by the sulphur and by the carbon separating. These 
inconveniences are-overcome by the Cedfprd process, in w'hich the gas is compressed to 10 atmos. 
in presence of water, which dissolves most of the COg, the rest of the latter being fixed by lime. 
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almost all the large gasworks of different countries a mixed gas containing 15 to 20 per 
cent, of water-gas is made. 

The cost of manufacture of coal-gas varies with the different factors affecting its pro- 
duction, especially with the size of the works, the prices of coal and labour and the greater 
or less completeness with which the secondary products (ammonia, cyanides, sulphur, 
tar, etc.) are utilised. In Berlin the mean cost of manufacture before the war was 0-75c?. 
per cubic metre, while at Milan it is about 0-85d^.^ Gas varies in price in different towns 
from M5(^. to Z-Sd. per cubic metre {32d. to lOOt/. per 1000 cu. ft. ) ; in Paris it is 1-9, in Milan 
T25, in Oneglia 2*9, in Messina 3-2, in Venice 3*5, in Catania 3-8, and in Naples 3T(i. per 
cubic metre. (In England often much cheaper. — Translator . ) 

During the war prices were in some cases trebled, and in Italy the output was largely 
diminished owing to scarcity of coal; in 1919 high prices still prevailed everywhere. 

STATISTICS. The consumption of lighting gas (subject to tax) in Italy in 1902 was 
139 million cu. metres, and exempt from taxation (for engines, etc. ) 66 million cu. metres, 
and in 1909, 318 million cu. metres (£2,040,000), obtained from 1 million tons of coal, 
51,000 tons of tar, and 710,000 tons of coke being recovered.^ 

In 1906, 16 million tons of coal were carbonised in Great Britain to procure 4300 miUion 
cu. metres of illuminating gas, and in 1909, 4760 million cu. metres were produced, besides 
588 million cu. metres of carburetted water-gas. 

In 1859, Germany consumed 44 million cu. metres of gas, in 1879, about 350 million, 
in 1889, about 500 million, in 1899, almost 1200 million (from about 3,500,000 tons of coal), 
in addition to 1 million tons of petroleum, corresponding with more than 2000 million cu. 
metres of gas. In 1905, 310 large gasworks used 4,500,000 tons of coal, of which one-fourth 
was imported from England, and 700 other small works carbonised a total of 1,000,000 tons; 
in 1910, the output of gas was 2200 million cu. metres, made in 1200 works, representing 
a capital of £80,000,000 (£12,000,000 for Berlin and £640,000 for Munich), the coal carbonised 


The remaining gas is cooled to the temperature of liquid air by means of a Linde machine (^ee 
Vol. I., p. 343), most of the CO and Ng being thus removed in the liquid state and the sulphur 
compounds as solids; the residual gas contains 17 per cent, of CO, and the liquefied CO is used 
for gas-engines. The gas containing 17 per cent, of CO is passed info a quartz tube filled with 
pumice coated with finely divided nickel and heated at 280° to 300°, all the CO being thus trans- 
formed into CH4 (if carbon is deposited on the nickel, the gas current is slackened : C + 2H2 = 
CH4). The final gas has the following percentage composition : COo, less than 1 ; CO, less than 
0‘2 ; CH4, 28 to 32 ; H, 60 to 65 ; N, 6 to 7, its calorific value being 4100 to 4300 Cals. By repeated 
addition of CO, a gas containing 76 per cent, of CH4 may be obtained. This Cedford gas may- 
be added with impunity to illuminating gas. 

1 We give here an approximate industrial balance-sheet referred to one ton of coal and to 
the conditions employed in the Milan gasworks prior to the war : 

(а) Beceifts : 264 cu. metres of gas (290 actually produced, less 9 per cent, for escapes and 
consumption in works) at 0T3 lira gives 34*32 lire; 700 kilos of coke, 22*40 lire; 45 kilos of 
tar, 1*35 lire ; 9 kilos of ammonium sulphate, 2*70 lire; cyanides, graphite, slag, ashes, 0*06 lira. 
Total receipts, 60*83 lire. 

(б) Expenditure : 1 ton of coal, 30 lire; coke for heating the furnaces (160 kilos), 5*12 lire; 
purifying and Laming mixtures, 0*37 lira ; sulphuric acid and expenses for ammonium sulphate, 
T441ire; salaries and wages, 10*58 lire; taxes, 0*67 lira; fire insurance, 0-091 lira ; workmen's 
insurance, 0*175 lira; general expenses, 1*10 lire; maintenance of works, private and public 
expenses, new plant, 3 lire; maintenance of meters and sundry other expenses, 0-090 lira. Total 
expenditure, 53-23 lire. 

Net profit, about 7-60 lire. 

2 At Milan in 1903, 40 million cu. metres of gas were produced, in 1905 about 47 million cu. 
metres, in 1908 about 61 million cu. metres (7000 incandescent gas lamps being used for public 
lighting), in 1913, 62,433,500 cu. metres, in 1915, 65,571,660 cu. metres (3,314,200 for power 
purposes), and in 1916, 60,136,140 cu. metres. Paris alone consumes annually 350 million cu. 
metres, two-thirds by night and one-third by day (for engines, etc.), and Berlin used in 1908 
about 250 million cu. metres and in 1911 more than 530 millions (in this city gas manufacture is 
municipalised, and the community draws an annual profit of about £350,000). Erom 1886 to 
1904, the consumption in Brussels increased from 15 to 39 million cu. metres, that is, from 85 to 
204 cu. metres per head per annum- In Budapest 300,000 cu. metres of gas per day were 
consumed in 1913. 

The various sources of light used to supply the needs of Paris in 1889 were in the following 
proportions : wax, tallow, stearine, 1*6 per cent.; vegetable oils, 4*5 per cent.; petroleum, 17*7 
per cent.; electricity, 18-9 per cent.; gas, 57*3 per cent. In Berlin, where the consumption 
of gas in 1889 was 117 million cu. metres and where 54,000 tons of petroleum were used for 
lig&ing purposes, the proportions were as follows : petroleum, 50 per cent. ; gas, 47 per cent. ,- 
electricity, 3 per cent. In 1910 the consumption of gas in Berlin was 182,500,000 cu. metres, 
containing 32,500,000 cu. metres of water-gas obtained from 15,100 tons of coke. 
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amounting to about 6,300,000 tons. In 1913, the production of gas in Germany reached 
3160 million cu. metres, 10 million tons of coal being used ^ and by-products to the value 
of £4,800,000 obtained. 

In the United States 600 million cu. metres of gas were produced in 1900, and more 
than 870 million in gasworks in 1005, besides 275 million in coke works and 2200 million of 
water-gas. 

In 1909, there were in the United States 1296 gasworks (1019 in 1904} with a capital 
of £180,000,000; the output of gas and by-products was valued at £33,600,000, and the 
numbers of workpeople and officials employed, 37,200 and 13,500 respectively. The gas 
produced amounted to 4200 million cu. metres (including water-gas, which constituted 
53 per cent, of the total). 

In Japan the lighting gas industry was started only in 1901, 44 million cu. metres being 
produced in 1907. 

In Switzerland, 500,000 tons of coal are carbonised annually for making coke and gas, 
30,000 tons of tar, 1500 of naphthalene, 450 of benzene and toluene, and 75 of phenol also 
being obtained. 

The manufactui’e and nature of air-gas, producer gas. Riche gas, water-gas, etc., arc 
described in Vol. I., pp. 486 et seq. 

PHYSICAL AND CHEMICAL TESTING OF ILLUMINATING GAS. As regards 
the determination of CO, COg, N, and 0, Orsat’s apparatus {see Vol. I., p. 463) gives good 
results. The estimation of hydrogen is efiected with the ordinary Hempel burette or 
simply by determining the diminution in volume of the gas after passing it through a 
capillary tube containing palladinised asbestos heated at about 100° {see Vol. I,, p. 135). 
Then comes the determination of unsaturated and aromatic hydrocarbons, which are all 
absorbed by fuming sulphuric acid, the gas being measured before and after the 
absorption in the Hempel burette (the gas being washed with potash after the absorp- 
tion). The methane is estimated by exploding the gas remaining in the burette with a 
known volume (in excess) of oxygen by means of an electric spark, 2 vols. of the gaseous 
mixture (gas oxygen) disappearing for every 1 vol. of methane, according to the eq^uation : 
CE, + 20^=C0^-{-2m0. 

1 vol. 2 vols. 1 vol. condenses 

To estimate the ammonia, in the purified gas, 200 litres of it are passed through 10 c.c. of 
N/10 hydrochloric acid solution, the excess of which is subsequently determined by titration. 

The determination of the total sul^ihur compounds may be effected simply by the method 
given by F. Fischer. ^ 


1 For the production of gas in Berlin 352,000 tons of German coal and 397,000 tons of English 
coal were used in 1907; at the English ports the coal cost 8^. l|d. per ton in 1904 and ll6‘.'41,d. 
in 1909. The cost of transport from the English mines to Berlin amounted to 7s. Sid. per ton^ 
whilst from the German mines at Ruhr to Berlin it exceeded 8s. lid. At the gasworks in. Berlin 
the English coal cost 16s. jier ton, and the German (from Silesia) 20s. per ton. 

In 1880 only one-half of the gasworks were municipalised, and in 1909 two-thirds, the profit ■ 
amounting to 8 to 13 per cent, on the capital. 

Li Germany in 1910 35,000 gas-engines generated 175,000 h.p. (in 1898 there were 22,000 
engines), 50 per cent, of the total output of gas being used for power and heating purposes (in 
1898, 33 per cent. ). It is found profitable to erect a gasworks in Germany in centres containincr 
over 3000 inhabitants. In 1911 the receipts of the German Government on account of taxes 
on illumination were as follows : £108,000 for carbon-filament electric lamps ; £292,000 for 

metal filament (and Nemst) lamps ; £1600 for 
niercuiy vapour lamps {see Vol. I., p. 687); 
£216,000 for incandescent gas lamps ; £90,000 
for arc la-mps with pure carbons; £64,000 for arc 
^ lamps with special carbons containing admixed 

-— 5 . luminous substances. In Germany between 

/ March 31, 1912, there were 

( made : 24,791,200 carbon filament lamps 

, (Lfi85,700 imported), 47,212,000 metallic fila- 

L '' ment lamps (1,450,000 imported), 130,671 

(if) Nemst lamps (output diminishing), 12,050 

\^y mercury vapour lamps (1500 imported). 

Fig. 74. 126,000,000 Auer mantles (35,000 imported ), 

^nri 9 Ml non # u -XT. • 1 .^’194,000 kilos of pure carbons for arc lamps, 

and^ 2,637,000 kilos of carbons with various additions. “ 

(w " (measured by a good iheter) are burned in a small bunsen burner, q 

U drawn-out bulb, A, of a bulb-condenser arranged as shown. All the sulphur 
of the sulphur compounds bums, forming sulphurous and sulphuric acids with the water from 
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Fig. 76. 


into picric acid and naphthalene, the latter being passed into another standard picric acid 
solution, the excess of picric acid being determined with standard potassium iodide and iodate 
solution : K.IO3 + SKI -j- 6CcH2(N02)30H = 6C6H2{K02)30K + SHaO -f 61; the iodine liberated 
is titrated with thiosulphate solution. 

^ This consists (Fig. 76 ; section in Fig. 75) of a metal cylinder, G (the letters refer in all cases 
to Fig. 76), which is mounted on three feet, and inside which a known volume of the gas is burned 
by means of the bunsen burner, n. The hot products of combustion pass several times up and down 
the calorimeter and issue at the outlet which is furnished with a valve and also regulates the 
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The specific gravity sometimes serves to test the constancy in composition of gas or 
to compare two different gases; it also gives a rough idea of illuminating power, since 
the specific gravities of the more highly light-giving hydrocarbons— acetylene (0-920), 
ethylene (0-976), propylene (1-490), and benzene (2-780)— are higher than those of the 
non-luminous components— hydrogen (0-0695), methane (0-559), etc. The specific gravity 
may be determined rapidly and exactly with the Bunsen effasiometer {see Vol. I., p, 40). 

ILLUMINATING POWER. There is no absolute measure of the power of different 
sources of light, but these may be compared when a conventional unit has been chosen. 

This standard of light has been differently chosen in different countries and has been 
continually modified. Thus in England spermaceti candles are used of such size that, 
six weigh "l lb., while, when burned, they lose 7-78 grams (120 grains) per hour with a 
flame 45 mm. in height. In Germany in 1872 a paraffin wax candle 20 mm. in diameter 
was employed, the wick having 24 threads and weighing 0-668 gram per metre and the 
flame being 50 mm. high; six of these candles weighed 1 lb. Use is now made in Germany 
of the more rational Hefner-Alteneck lamp, fed with a liquid of constant composition, 
namely, amyl acetate, the compact wick, 8 mm. in diameter, protruding 25 mm. from 
the metallic sheath holding it ; the flame is 40 mm. high. In France and Italy the Carcel 
lamp is used, this consuming 42 grams of purified colza oil per hour and having a wick 
which is 23-5 mm. in diameter, is formed of 75 threads, and weighs 3-6 grams per 10 cm. 

The relative values of these different units, are as follows ; 1 Carcel = 9-600 English 
candles (spermaceti) = 8-768 German candles (paraffin wax) — 10-526 Hefner-Alteneck 
flames. 

In 1914 the French Government fixed as unit of luminosity the Violle decimal candle, 
defined as the one-twenty-fiith part of the light radiated from an area of 1 sq. cm. of molten 
platinum at its solidifying point. The lumen would then be the quantity of light or the 
luminous flux radiated from a source of light equal to a decimal candle on to a surface of 


air-draught. Passing in a direction opposite to that of the gases of combustion and in alternate 
adjacent chambers is a current of water which enters by w the small reservoir m, the excess being 
carried off by the overflow, h, while a regular stream passes through the tap e (furnished with an 
indicator) into^the calorimeter at a temperature given by the thermometer x, and flows away 
at c at a higher temperature, shown by the thermometer y. When the combustion is started, 
the [entry of water is regulated by means of c, so that the thermometers x and y indicate 
a temperature difference of 10® to 20°; when the flow of both gas and water is constant, the 
thermometer y soon shows a constant temperature. 

The gas is measured by the meter, G, and then passes through the regulator, P, to the bunsen 
burner, n, which is withdrawn from the calorimeter to be lighted and is then pushed in again 
to the height q (about 6 in. up). If the apparatus is in order, no water should fall from d 
into the cylinder, v. 

When water is discharging from 5 and from c, and the thermometric reading remains stationary, 
as soon as the index of the meter reaches the zero mark, or a definite number of litres, the rubber 
tube c is instantly placed from t into V, which is a graduated cylinder placed quite close to the 
discharge-funnel, t. In the cyUnder V is collected all the water which is discharged during the 
combustion of a definite volume of gas (in the proportion of 100 to 200 litres of illuminating gas 
or 400 to 800 litres of suction gas or Bowson gas per hour). Exactly at the moment when the 
meter indicates the volume of gas fixed upon, the rubber tube c is removed from V to t. During 
the course of the experiment small variations in the indications of the thermometer y are 
noted at intervals, the mean temperature being subsequently calculated. 

The graduated cylinder, v, contains the condensed water {a c.c. ) formed during the combustion 
of the gas, and this, in condensing, has given up to the water of the calorimeter a certain quantity 
of heat, which must be subtracted before calculating the net calorific power. The gross calorific 
power, U, expressed in Calories per cubic metre, is calculated by means of the formula : 

A .T . 1000 

U = ‘ -Q , where A indicates the quantity of water in litres collected in F, and Q the volume 

of gas burned. If, for example, Q = Z litres, A — 0-900, T = 18° (that is, 26-77°, the mean of 
six readings of the thermometer y, less 8-77° shown by the thermometer x to be the temperature 

of the water entering at e), we have U == — — 5400 Calories per cubic metre of 

gas. In general the calorific value is now referred to 1 cu. metre of gas calculated at 0° and 
760 mm. pressure. In cases where the gas is used in engines or other apparatus from which the 
products of combustion issue at a temperature above 65°, the water- vapour does not condense, 
and the gross calorific power {U) must be diminished by the heat due to the condensation of the 
water- vapour produced by the combustion of the gas in the calorimeter. From U must hence 
be subtracted a value obtained by multiplying by 60 the number of c.c. of water condensing during 
the combustion of Q litres of gas. This net calorific power, U\ is, for illuminating gas, usually 
10 per cent, lower than the gross calorific power, U. 

The calorific values of different industrial gases are given in Vol. I., p. 489. 
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1 sq. metre of a sphere of 1 metre radius ; the lux would be the unit of illumination, that 
is, the illumination of an area of 1 sq. metre produced by 1 lumen. 

The luminous unit being fixed, different sources of light and their illuminating powers 
may be compared by means of photometers^ 

1 Of these, the one most largely used is that of Bunsen, which is based on the principle that the 
intensity of light produced on a definite surface by a source of light is inversely proportional to the 
square of the distance. If the distance between the source of light and the sunace illuminated is 
trebled, the intensity of the illumination is diminished to one-ninth of its previous value. The 
luminosities of two flames, 1 and 1^, whichilluminate equally agiven screen and are at the respective 
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distances L and Z/ffom it, are directly proportional to' the squares of these* distances i 1 il^ — 
i/8 : X,^, and if is the unit of measurement, the intensity'of the other source of light will be : 
L® 

I s= The Bunsen photometer (Mg. 77) consists of a horizontal iron photometer bench 

3 metres long and divided decimally (into half-centimetres or millimetres); at one end is placed 
the comparison electric or candle lamp or the Carcel lamp, the consumption of oil in which is 
regulated by a small pump actuated by a clockwork mechanism, weighing on a balance the 
consumption in a given time (indicated by a bell)— this corresponding with 42 grams of oil per 
hour. A screen of paper may be moved backwards and fonv^ards along the bench and normally 
to it, the middle of the screen being rendered translucent by means of a grease-spot (spermaceti) ; 
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at the other end of the bench is placed the light to be examined. When the screen is equally 
illuminated on its two faces, the grease-spot is no longer perceptible. The intensities of the two 
sources of light are then proportional to the squares of their distances from the screen. 

The measurement is made in a dark room and, in order to render more evident the disappear- 
ance of the spot on the two surfaces, the screen is placed between two mirrors arranged at an 
angle (Big. 78). An -improvement on the Bunsen photometer has been made by Lummer and 
Brodhun, who substitute for the screen with the grease-spot a closed box, h (Big. 79), in which 
are two opposite circular apertures, these illuminating the two faces of a white screen, /, by means 
of light from the standard lamp, and that to be tested, placed at the two extreme ends of the 
photometer bench. By means of a system of prisms, A B, the two faces of the white screen 
reflect the light on to two concentric zones of the field of the eye-piece, r. When the two faces 
of the screen are equally illuminated, the two zones of the field also appear uniformly lighted. 
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COMPARISON BETWEEN VARIOUS SOURCES OF LIGHT. To produce the 
luminous intensity of a Hefner candle-hour (HK), the following quantities of lighting 

materials must bo consumed : 

f Steariiie, first quality .... 

^ f „ third „ . . ■ 

^ ‘ Paraffin wax ..... 

[Two parts of paraffin ^vax and one of stearine 
f Carcel : colza oil . 

Petroleum, flat wick 

„ round wick .... 

Spirit : incandescent .... 

[Petroleum with Auer mantle 
Acetylene ...... 

fPish-tail . . . . ■ . 

g Auer ..... 

^ Millenium (gas under pressure) 

Auer with inverted flame 
f Arc lamp of small power 

- • • 

o g I Incandescent Edison 
3 Metallic filament (osmium, tantalum) 

[Mercury vapour 

It is easy to calculate the cost from the prices of the various methods of lighting, these 
varying from town to town and from countrj’' to country. In 1896 Llipko calculated tlie 
following numbers of normal candle-hours to be obtainable for one mark (one shilling), 
the calculation being valid only for that period and for Germany : wax, 33; stearine, 77 ; 
colza oil, 150; electric lamp with incandescent carbon filament, 150; fish-tail gas-jet, 625 ; 
acetylene and air with an edged burner, 716; oil -gas, 1660; water-gas with benzene, 1666; 
electric arc lamp, 2232 ; Auer gas lamp, 2300 ; Auer w'^ater-gas lamp, 4350. 

From gas at h9d. (0-2 lira) per cubic metre, as a source of heat, 1000 Cals, are obtained 
for 0’38d. (0-04 Hra), whilst, using electric current at 3*07d. (0-32 lira) per kilowatt-hour, 
1000 Cals, would cost about 3‘65d. (0-38 lira). For power purposes, the electric current 
[at 2-4:d. (0-25 lira) per kilowatt-hour] costs more than double as much as gas [at l-73d. 
(0*18 lira) per cubic metre]. 

During the past few years a considerable advance has been made by the use of incan- 
descent electric lamps with metallic filaments (tantalum, tungsten, osmium, etc.), which, 
reduce the consumption of electrical energy by one-half, but at the same time gas lamps 
have been improved by the use of high-pressure gas, and those with inverted flames arc 
still decidedly more economical than metallic filament electric lamps. From the hygienic 
point of view the disadvantages of gas lighting have been exaggerated, as it has not been 
realised that the use of gas causes circulation and renewal of the air, and that the pro- 
duction of water- vapour and carbon dioxide are negligible compared with the similar effects 
produced by the respiration of human beings. 

OIL-GAS 

In cases where the insta.llation of a plant for the carbonisation of coal would bo inex- 
pedient, owing to the small consumption of illuminating gas, it may be convenient to 
prepare oil-gas by dropping into a red-hot retort (^ee later, “ Gracldng ” Process in the Petro- 
leum Industry ) fatty residues, lignite, tar oils, resins, and medium petroleum oils (blown 
oil, see Petroleum). This destruction by heat (at 745° to 790°) produces a gas which 
consists mainly of and Hg, and when compressed at 10 to 12 atmos., to separate part 
of the heavy, liquid hydrocarbons (with slight loss of calorific value), and enriched with 
25 per cent, of acetylene, is used for the illumination of railway carriages. Oil-gas may 
also be prepared easily and abundantly by dropping oil into gas-producers containing red-hot 
coke. 


7-87 grams 
9-58 „ 

6-27 „ 

6-93 „ 

3-99 „ 

2- 76 „ 

(2-80 „ 

\3-60 „ 

1-90 „ 

0-50 „ 

0- 6 litres 
19-0 „ 

10 

1- 60 „ 

0-75 „ 

0- 70 „ 

1- 20 volt-amps. 

0- 25 

3- 70 

1- 90 
0-50 



PETROLEUM 


65 


Davis (1910) avoids the formation of tar by pulverising the oil in the retort by means 
of air instead of steam. In this way a gas is obtained having the folio^ring percentage 
composition: COg, 2; heavy hydrocarbons, 26; CO, 1-5; 35; Hg, 5-5; and N, 30. 

Injection of oil-gas (two-thirds) and water-gas (one- third) into a coke gas-producer yields 
a gas containing 46-5 per cent, of 31-3 of CH^, 7 of Nj, 11-6 of heavy hydrocarbons, 
and 2-8 of CO, its calorific value being 5490 Cals. 

As early as 1815 public lighting with oil-gas was attempted (Liverpool used it for some 
years), but it was only after 1860-1870 that this industry assumed importance. From 
100 kilos of lignite paraffin oil are obtained 60 cu. metres of gas, and with a consumption 
of 35 litres of the gas per hour, 7-5 normal candles (German) are obtained ; its illuminating 
power is four times as great as that of ordinary lighting gas. One kilo of medium petroleum 
oil gives 600 litres of gas, 300 to 400 grams of tar, and 40 to 60 grams of coke. If a greater 
yield of the gas is obtained, it loses in illuminating power. The purification of oil-gas is 
carried out in practically the same way as that of coal-gas. Mineral oil for gas and for 
engines is produced in large quantities in Galicia, where it is sold for less than 19-5'i. per 
cwt. (4 lire per quintal) ; Germany alone imported 30,000 tons of it in 1909. 


PETROLEUM INDUSTRY 

Crude petroleum also goes under the name of mineral oil or naphtha, and 
is a more or less dark liquid (according to its origin) ydth a peculiar, 
pronounced odour. It is found in various parts of the earth in the strata of 
the tertiary epoch and also of preceding epochs. The principal centres of 
production are Baku (Russia) and the United States.^ 

^ History of the Petroleum Industry. The use of petroleum and of tar goes back to the 
earliest historical times (the Bibhcal legend relates that Noah rendered his ark impermeable 
by means of tar, and in the construction of the Tower of Babel a mortar was used prepared 
with naphtha !(?)). Certain races then employed naphtha as a fuel, and the Egyptians made 
use of it in the preparation of mummies. 

In small quantities petroleum is found in nearly all countries, but 95 per cent, of the total 
production is given by North America and Russia. Two centuries before petroleum was used 
in America that from Parma in the Apennines was used for lighting, e. g., at Genoa, Parma, etc. 
The most important petroleum wells now in Italy are in the Province of Piacenza (at Korenzuola 
d'Arda) and at Salsomaggiore, Borgo S. Donnino, and Montechino; less important deposits 
are found also in Calabria. At Velleia the industry has been worked for many years by a French 
company, many wells 200 to 460 metres deep having been sunk along the right bank of the Chero ; 
this company was absorbed by an Italian syndicate in 1907. 

In Austria the region richest in petroleum is Galicia. In 1895, when a well 300 metres deep 
was bored, a fountain was formed which, in thirty -six hours, yielded 5000 barrels of petroleum 
(1 barrel = 42 gallons = 159 litres = 145 kilos). Still more important wells in other countries 
are mentioned on p. 74. 

In Russia the most important sources of petroleum are found in the province of Baku (99 per 
cent, of the whole production is obtained from an area of 6 sq. kilos), and partly at Grosnv to 
the north. From the most remote times, before Christ, sacred fires, fed by petroleum and bv the 
inflammable gases liberated from it, have been kept burning uninterruptedly in the temples 
(down to 1880). During his voyage in the thirteenth century Marco Polo visited these marvelbus 
springs of “ oil not good to use with food but good to burn and also used to anoint camels that have 
the mange” 

In 1820 the Baku petroleum wells were declared the property of the Russian State and the 
Government made concessions to contractors, who worked them in a primitive manner until 
1872. In 1873, the most important wells and petroleum -bearing lands were put up for auction 
by the Government, who levied a tax on the petroleum extracted. This condition of affairs was 
less favourable than that holding in the American industry, so that in 1877 the tax was repeal d 
and the Russian petroleum industry, passing into the hands of great capitalists (Nobel Roths- 
child, etc.), underwent extraordinary development and often competes advantageously with that 
of America. 

The first plant installed by Baron Thomaann for the distillation of petroleum was constructed 
at Baku in 1858 according to suggestions* and plans furnished by Liebig, carried out by one of 
his assistants (Moldenhauer), and improved by Eichler. The first wells bored on the iinerican 
system date from 1869. Before 1870, the production was only 250,000 poods (1 <pood = 16-38 
kilos), but in 1872 it reached 1,500,000 poods, and then grew with astounding rapidity (see later 
Statistics). ''' ’ 

There are also important petroleum deposits in Japan, but the production is still limited • 

VOL. n. K 
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In some places it overflows at the surface of the earth through porous 
rocks or clefts ; in others it is found accumulated under pressure in large 
cavities or pockets, since, -when it is reached by borings or wells, powerful jets 
rise above the surface of the earth often to the height of 100 metres, thus 
forming fountains of petroleum which last from a few weeks up to seven or 
eight months, and throw up also large quantities of inflammable gases and 
sand. 

Some petroleum deposits have been gradually evaj)orated and oxidised 


in 1871 it amounted to 126,150 kwan (1 hwan = 3'78 kilos), in 1884 to 1,400,000 kwan, and in 
1903 to about 126,000 tons. 

During resent times important .‘sources of petroleum have also been di.^'covered in Canada. 

In Great Britain, Young eommcnccd in 1848 theindiustrial treatment of a species of petroleum 
di.'fcovored in a coal-mine at Alfreton; thi.s was subjected to distillation to obtain lamp oil, 
lubricating oil, and a small proportion of paraffin wax, from which candles were made. Sub.se- 
cjuently ho di.stillcd bituminoius shale (-see later), the oils obtained being refined by mean.s of 
sulphuric acid and soda. In 1859 refining of petroleum by the Young system wars .started 
in America. 

The greatest impulse to the petroleum industry has come from the United States, wdiere 
important deposits of petroleum have been found, finst in the State of Penn.sylvania (in a strip of 
land about lOt) kilometre, s long the production of petroleum increased from 3180 hectolitre.s in 1859 
to 16,000,000 hectolitre.s in 1874, the price per barrel falling during the same period from 100 lire, 
or £4, to 0*5 lire, or 55. 2\il. ; thc.se deposits are now apparently becoming exhausted), and then 
in Virginia, Ohio, Indiana, California, Louisiana, and Texas. At the present time the mo,st 
important .sources of petroleum in the United States arc in the Washington district and in 
California. 

The first studies on petroleum in America were made by Silliman in 1854, by fractional 
distillation, and the, so \vere folloAvcd by unsueccs.sful industrial efforts caused by the low 
production of the wells utilised and by many commercial difficultie.s, which were overcome by 
L. Drake in 1859 by the u.se of artesian wells. 

The first petroleum well in America was obtained by pure chance; at Titusville in Pennsyl- 
vania a well was being sunk for drinking water, and when a depth of 22 metre, s wa.s reached, a 
continuous jot of petroleum appeared, yielding 4000 litres of naphtha per day. 

iTu.st as America was taken with the ‘‘ golcl-fevcr " after the discovery of gold in California, 
so the United State.s caught the petroleum fever. Pennsylvania w^as invaded by adventurens, 
and borings were made wlierever the geological formation of the earth admitted of it; all 
had faith in the godde.ss Fortune, who, as always, favoured some and drove others to ruin 
and despair. In 1801 the number of derricks (used for boring) exceeded 2000. The work 
was carried out hastily and without thought, usually empirically, the idea being to succeed 
first. Much petroleum was lost, and much was burnt, causing immen.se lo.sses and ruin to 
numerous firms. 

Great capitalist companies were then formed, and those studied calmly and rationally the 
techmeal and commercial problem, and very soon created an enonnous industry, which rapidly 
brought petroleum into common use all over the world. Ships and railways ancl then iron pipes 
tens and hundreds of kilometres in length served to transport the petroleum rapidly, continuously, 
and economically from the wells to the refineries, and from these to the seaports, wlicro it was 
shipped to the merchants. 

In America to-day petroleum is monopolised by huge “ trusts,” especially the Vacuum Oil 
Company and the Standard Oil Company of New Jersey, to which arc affiliated seventy companies 
with a total capital of £18,000,000 and employing 60,000 workmen and monopolising about 
60 per cent, of American petroleum. The Standard Oil Company, founded in 1872, "paid in 
dividends from 1882 to 1892 a total of £94,400,000, and from 1894 to 1903 paid to its .sharohoklors 
dividends of 33 to 48 per cent. ! In 1906 President Roosevelt, under pres, sure of public opinion, 
waged war against this colossal trust by rupturing the connection between the steel ring and tlu': 
interests bound up with it and making them liable to a fine of over £6,000,000. In consequence 
of this commercial war of 1906 the Standard Oil Company lost £25,000,000, of which £12,900,000 
fell on Rockefeller, the well-known millionaire president of the company. The sentence was 
then annulled on appeal, but the result was that the company fought its competitors by lowering 
prices [petroleum that previously cost 30 eentesimi {2-M.) per litre has been lowered in price 
during the last few years to 15 eentesimi (l*45tZ.) ], and in 1908 made a net profit of £16,000,000, 
and propo.sed raising its capital to £100,000,600. This explains how Rockefeller has been able, 
without any great .sacrifice, to make benefactions of so many millions during the past few years, 
e specially for the extension of university study in America. The sentence of the Supreme Court 
of Washington (March 15, 1911) gave judgment against the Standard Oil Company, for con- 
travention of the law against trusts, and ordered dissolution of this powerful company within 
six months. 

In 1912 the Standard Oil Company was indeed split up into numerous branches which, however, 
acquire most of the crude American petroleum and refine it in numerous works. The most 
important of these h the Ba yonne refinery, New Jersey, which distils daily 40,000 barrels of crude 
petroleum to obtain benzine, lamp oil, intermediate and heavy oils, paraffin wax, etc. 
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during the lapse of ages, leaving a black deposit of mineral tar, asphalte, or 
bitumen (see section on Paraffin Wax). 

ORIGIN OF PETROLEUM. Vaiious hypotheses have been put forward to explain 
the origin of petroleum, and even to-day opinions are divided, probably owing to the 
fact that petroleum has not one single origin, since, in different parts of the earth’s crust, 
it has different qualities and compositions (see below). 

(1) Hypothesis of hiorganic Origin. A. v. Humboldt supposed petroleum to have 
originated from inorganic gaseous products under the influence of volcanic forces, and in 
1866 Berthelot advanced the hypothesis that, by the action of carbon dioxide on alkali 
metals inside the earth’s crust, acetylides would be formed wliich uith hydrogen would 
give acetylene derivatives, these then undergoing various condensations to form petroleum 
and tar. Byasson in 1871 explained the formation of the hydrocarbons of petroleum as 
due to the action of HgS, COo, and water-vapour on layers of red-hot iron, this action 
being produced by the infiltration of sea- water, through clefts ^t the bottom of the ocean, 
in such a way that, together with calcareous matter, it was brought into contact with 
deposits of heated iron or iron sulphide- Mendeleev (1877) regarded the hydrocarbons 
of petroleum as originating in the igneous strata of the earth’s crust by the action of aqueous 
infiltrations on pre-existing deposits of carbide of iron or other metallic carbides. Hahn 
(1864) and Cloez (1874-1879) obtained support for Mendeleev’s hypothesis by shoving 
experimentally that saturated hydrocarbons and a few olefines (which polymerise under 
the action of pressure and heat) are formed when cast-iron or spiegeleisen (substances which 
contain carbide of iron) is dissolved in dilute acid. In 1891 Ross brought forward again 
and modified Byasson’s hypothesis; he assumed that volcanic gases, especially HgS and 
&O 2 . in contact with heated chalky rocks, w^ould form gypsum, with separation of sulphur 
and production of saturated and unsaturated hydrocarbons (this w'ould give also an explana- 
tion of the origin of sulphur, yet in Sicily, w^here sulphur abounds, no petroleum is 
found !). 

These various hypotheses on the inorganic oiigin of petroleum assume the formation 
of the latter in igneous primitive (archaic) geological strata, where the presence of organic 
compounds is excluded, the petroleum then finding its way to the higher layers of the 
earth’s crust by seismic convulsions. It is, however, precisely these older archaic strata, 
deprived of w^ater and of organic substances, which give no trace of petroleum. On the 
other hand, if the petroleum were formed in very hot strata, it should issue from the borings 
at a moderately high temperature, and there should have been separation of the light 
petroleum (more volatile) and the heavy into distinct layers. This is not actually 
the case. 

However, during recent years this hypothesis has again come into favour, owing to 
the interesting w'ork of Moissan (1894^1896) on the formation of saturated hydrocarbons 
by the action of w^atcr on aluminium carbide (see p. 35), and that of Sabatier and Senderens 
(1896-1902), wdio showed experimentally that, in presence of catalytic nickel (obtained by 
reduction of the oxide with liydrogen at 300°), hydrogen and unsaturated hydrocarbons 
(ethylene, acetylene, etc.) give rise to saturated hydrocarbons such as occur in petroleum 
(p. 35). Even these s 3 mtheses, however, do not yield very high and solid hydrocarbons 
hke those present in crude petroleum, although recently (1908-1909) A. Brun, Stieger, 
and Becker showed that hydrocarbons similar to paraffin wax are formed by the interaction 
in the hot of iron carbide and ammonium chloride, even in absence of water. 

(2) Hypothesis of the Vegetable Origin of Petroleum. TMs was enunciated at intervals 
by Binney (by distillation of peat), by Kobell (by distillation of coal), and by Bischof, 
who considered petroleum to be formed by the action of sea-water on cellulose and on 
coal included in the geological strata of the earth’s crust. This hj-pothesis of the vegetable 
origin was later supported or attacked by various writers, and to the fact that, in genetd, 
carboniferous strata do not contain petroleum, is opposed the discovery of small deposits 
of petroleum in the coal-seams near Wombridge and of certain petroliferous substances 
in some Japanese coals; Hofer showed, however, in the first case, that the neighbourhood 
of bituminous schists, rich in the remains of fishes, could not be excluded, and, if it is 
desired to explain the formation of petroleum from marine vegetable organisms, it is not 
possible to conceive of a sufficient quantity of these to give rise to the immense amounts 
of petroleum now discovered. Further, other more recent geological investigations would 
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exclude the vegetable origin of petroleum, although the most recent chemical work tends 
to render such origin highly probable. It is, indeed, found that petroleum rotates the 
plane of polarisation of hght to the right [see later), as do most optically active vegetable 
substances, whilst substances of animal origin rotate it preferably to the left. Engler, 
however, states that this observation is not very conclusive, since these active substances 
may be due to the condensation of unsaturated products originating in the decomposition 
of the prime materials (animals or possibly vegetables). Kramer and Potoni6 (1906-1907) 
point out that all petroleums (also certain lignites and ozokerite) contain algce ivax, from 
which, hj various reactions and decompositions, it is easy to pass to substances like petro- 
leum ; and simple substances, by polymerisation (by heat and pressure), form more complex 
tarry substances, etc. ; the presence of wax demonstrates that petroleum is formed not 
in the hot by distillation, but rather in the cold and at high pressures. The prime material 
of petroleum would hence probably be the enormous formation of algm which have been 
produced at all -epochs and are to-day accumulating in marshy places. These, during 
thousands of centuries and^under the action of pressure and heat, could undergo the same 
transformations and putrefactions (mixed sometimes with animal remains), leaving the 
wax for the formation of petroleum; so that petroleum would be formed in all epochs 
and is perhaps being formed now ! The varying composition of petroleum would be due, 
according to Kramer, to filtration through various geological strata, which would have 
removed greater or less quantities of bituminous products so as to produce pale, light 
petroleums like those of Velleia and Montechino. Hence the greater or less content 
of tarry substances cannot serve as an indication of the epoch of formation of a 
petroleum, since part of these substances may have been lost during the geological 
filtrations. 

(3) Hypothem of the Animal Origin of Petroleum. This was enunciated and vigorously 
upheld by Hofer, and supported and supplemented by Ochsenius (1892), Zaloziecki (1892), 
Veith, Dieckhoff (1893), Aisinmann (1894), Heusler (1896), Holde (1897), Aschan (1902), 
and Zuber (1897, who supported only the organic origin), and more especially and most 
exhaustively by Engler (1888-1912). 

This hypothesis supposes that great layers of various fishes and molluscs, formed on 
the ocean-bed during past geological epochs, gradually underwent decomposition, first 
losing the nitrogenous components (albuminoids) as gaseous or soluble compounds, the 
remaining fats being slowly transformed partially into bituminous substances. These, 
together with the residual fats, under the action of great pressure and heat (developed, 
in part, by these decompositions) would yield glycerol, which would generate acrolein 
and then aromatic hydrocarbons, while the remaining fatty acids (by the action of hydrogen 
formed in all these decompositions) would give rise to the various saturated hydrocarbons 
constituting petroleum, COg being liberated. 

The animal origin hypothesis is also supported by the observation of Eraas, 
that petroleum issues from the coralhferous banks of the Red Sea, and by the odour 
of petroleum exhibited by certain phosphorites which are undoubtedly of animal 
origin. 

The objection has been raised that, if petroleum were of animal origin, it should contain 
nitrogenous compounds. Although this is not necessary, yet the presence of nitrogen 
products (ammonia and pyridine bases, free nitrogen and ammonium carbonate) has 
been shown in petroleum and in gases emanating from the earth. Texas petroleum contains 
up to 1 per cent, of nitrogen. 

Engler showed experimentally that, under certain conditions, animal fats may be 
transformed into olefines or analogous products in the laboratory (by distilling fish-oil 
under 4 to 10 atmos. pressure). In 1909, Engler, Routala, Aschan, and others efl^ected the 
laboratory production of naphthenes, paraffins, and heavy mineral oils, by heating amylene 
a^ hexylene under pressure and in presence or absence of aluminium chloride as 
catalyst. 

Many facts support the view that the petroleum of the geological strata studied has 
been formed at a low temperature and by slow but continuous reactions lasting for thousands 
of years. 

To the doubt that may be raised as to the enormous quantity of animal remains neces- 
sary to explain the large amounts of petroleum being raised at the present time, it may 
be answered that if the annual catch of herrings on the coasts of the northern seas and that 
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of sardines by Prencb fishermen were to accumulate on the ocean-bed for 2000 years, it 
would be quite sufficient to explain the petroleum production of Russia.^ 

It would, however, be necessary, for the preservation of this enormous cemetery of 
fish, that the corpses should not be eaten by other larger fish ; the conditions must then 
be such that fish approaching the cemetery are killed. This is highly probable, as the 
existence of such conditions at the bottom of the Black Sea has recently been proved. 
In fact, below a certain depth, there is so much dissolved hj^'drogen sulphide that any 
animal is instantly poisoned there, its body going to swell the vast numbers that have 
preceded it at the bottom. 

With these proofs is connected the most recent and most rational interpretation of the 
origin of petroleum. It is supposed that the decomposition of the residual animal fats 
is aided by certain ferments as yet not studied — anaerobic bacteria analogous to those 
which have been studied in the cases of the transformation of wood into coal, the fermenta- 
tion of cellulose, peat, etc. ; the hydrogen sulphide formed at the bottom of the sea would 
be a product of the fermentations due to these bacteria. 

Walden (1910) and Rakusin (1905 and 1906) made a new contribution to the explanation 
of the origin of petroleum, b}^ discovering in various petroleums a slight optical activity, 
undoubtedly due to substances of organic origin (animal or vegetable). Neuberg (1905- 
1907) has shown that, in the putrefaction of protein substances (due, according to Effiront, 
to the action of proteolytic enzymes generated, together with amidases, by micro-organisms, 
see later, Alcohol and Enzymes), marked quantities of optically active acids and amino - 
acids are formed, and by heating under pressure or dry-distilhng a mixture of oleic acid 
with a little valeric acid, a product is obtained which, after purification, has the characters 
of naphtha as regards the optical rotation, boiling-point, and other properties. All this 
supports the organic — probably animal — origin of petroleum, and even if the fats do not 
give an optically active petroleum, the activity would be imparted by the decomposition 
products of the proteins. The optical activity of petroleum was recognised as far back as 
1835 by Biot, who, however, drew no practical or theoretical conclusions from the observa- 
tion. Rakusin observed that petroleums exhibit the Tyndall phenomenon (Vol. I., p. 107) 
to a more or less marked extent, and since petroleums are sometimes inactive* and have 
var 3 fing chemical composition, he regards the different hypotheses concerning their origin as 
justified. Petroleum, as a liquid, must be considered as intermediate to natural inflam- 
mable gas and solid asphalte or ozokerite. Since the white cerasin which is extracted 
from ozokerite is dextro-rotatory, it must be concluded that ozokerite is of organic origin 
(the products formed by synthesis from simpler or artificial substances being optically 
inactive, see p. 23). 

The petroleum or similar substances prepared artificially from the elements possess all 
the properties of true petroleum, but are optically inactive. Hence the most certain 
criterion of the organic origin of a petroleum is its optical rotation. If a petroleum is 


^ Fishing' Industry. The following statistics represent the mean annual figures for the 
period 1908-1914, and refer to both sea and fresh- water fishing : 


Great Britain 
France 
Norway . 
Spain 
Germany 
Holland . 
Denmark 
Italy 

United States 


Number of fishing vessels.. 



V 

Number of 

Value of fish 

Steam. 

Sailing. 

fishermen. 

caught (£). 

2,200 

— 

106,000 

11,800,000 

170 

26,000 

96,000 

4,600,000 

175 

— 

100,000 

3,120,000 

320 

22,500 

121,000 

3,000,000 

308 

15,000 

29,800 

3,320,000 

80 

5,300 

21,000 

1,800,000 

160 

1,000 

14,000 

640,000 

— 

25,796 

110,000 

1,360,000 

4,899 

83,800 

219,000 

12,000,000 


To obtain an idea of the fertility of certain fish, the shad, a fish of the herring family, weighing 
up to 5 to 6 kilos, may be considered ; the female lays as many as 100,000 eggs, which may be 
fertilised artificially, as is done with the salmon and trout. In North America the eggs are 
collected and despatched to the Central Pisciculture Station at Washington, where they are 
hatched in four days in Macdonald or Weiss tanks with flowing water at 18° to 19°, and are 
immediately placed in the rivers, where they grow rapidly. Every year more than 100,000,000 
eggs are fertilised in this way and from 1875 to 1890 the shad fishing showed an increase of 100 
per cent., corresponding with £160,000. The female cod may lay as many as 6,000,000 eggs 
during its lifetime, and the turbot even 9,000,000 ; an adult eel contains 10,000,000 to 12,000,000 
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optically inactive, it may have originated from a racemic product (optically and tmnsitorily 
inactive, see p. 21 ) of organic origin, hut may have been formed from inorganic materials. 
However, inactive petroleums are rare; Rakusin (1907) has found only three such up 
to the present, one Russian (Surakhany) and two Italian (hlontecliino and Velleia), and 
he states that not only the degree of carbonisation of the petroleum (richness in carbon), 
but also its degree of racemisation must be taken into account in judging its geological age. 

In 1908, Zaloziecki and Klarfeld held that the optical activity of petroleum is due to 
the presence of terpenes or colophony, but Heuberg regards it as due to decomposition 
products of amino-acids (valeric or isocaproic acid) formed from the proteins. Marcusson 
(1908) combats the last two hypotheses, and shows that it is more probable that the 
activity is derived from decomposition products (dextro-rotatory) of loevo-rotatory 
cholesterols (and hence of animal origin, whilst the vegetable ones are dextro-rotatory 
and yield Isevo -rotatory decomposition products). By distilling olein under pressure, 
Marcusson (1910) obtained hydrocarbons which had an optical activity equal to that of 
natural petroleums and which he regarded as formed from the original cholesterols. By 
the action of ozone, Molinaii and Fenaroli (1908) showed that the Russian and Roumanian 
petroleums examined by them contained no unaltered cholesterol, but tins does not exclude 
the presence of active decomposition products, which, however, would not contain double 
linkings. C. Engler and Bobrzynski (1910) confirmed these results. In addition to 
dextro-rotatory compounds, Java and Borneo petroleums contain laevo-rotatory substances 
which become dextro-rotatory at 350° (as happens when Isevo-rotatory cholesterol is heated) ; 
also certain inactive fractions become dextro-rotatory when heated. Rakusin, Molinari, 
and Fenaroli showed that the optical activity increases in those portions of petroleum 
that have the highest boihng-point. Charitschkov (1912) supposes petroleum to bo 
derived from asphalte. 

COMPOSITION AND PROPERTIES OF CRUDE PETROLEUM. As 
obtained from the wells, crude petroleum varies in colour from yellowish 
to pale brown, or even black, according to its origin; it exhibits a marked 
greenish fluorescence and a characteristic, garlic-like odour. The dissolved 
gas soon separates spontaneously, and sometimes,' on oxidation in the air, 
petroleum deposits dark, bituminous substances (paraffin wax, tar). The 
lighter petroleums are the paler and have an agreeable, ethereal odour, whilst 
the heavier ones are darker and have an unpleasant odour. 

Certain petroleums have recently been found to be radioactive. 

The presence of sulphur in petroleum, even if much less than 1 per cent., 
injuriously aflects its odour and colour. The specific gravity of petroleum 
varies from 0*780 to 0*970. Petroleum obtained from Terra di Lavoro, Italy, 
has a high specific gravity (0*970) and certain Roumanian and Indian petroleums, 
rich in paraffin wax, show values higher even than tliis, sometimes as much 
as 1*3. 

Petroleum is soluble in ether, benzene, chloroform, and, to some extent, 
in amyl alcohol ; it dissolves only slightly in ethyl alcohol and not at all in 
water. 

The specific heat varies from 0*4625 to 0*4724, that of light benzines being 
about 0*4840, that of heavy benzines 0*4679, that of masut 0*6010, and that 
of oil of paraffin 0*5424. The coefficient of expansion is 0*00063 and the heat of 
combustion 10,000 to 11,500 Cals., that of paraffin wax being about 11,000 Cals. 

The heat of evaporation (i. e., the heat necessary to transform 1 kilo of liquid 
at the boiling-point into vapour at the same temperature) varies with the 
density of the (Efferent fractions ; for a product of density 0*640 and b.-pt. 40°, 
it is 80*6 Cals., for one of density 0*743 and b.-pt. 93°, 68 Cals., and for one 
of density 0*813 and b.-pt. 176°, 51*6 Cals. 

Montechino petroleum has the sp. gr. 0*740; that of Velleia, 0*780; 
American, 0*800 to 0*870 ; Russian, 0*850 to 0*900 ; and Galician, 0*827 to 0*890. 

Diflerent petroleums are composed, as a rough mean, of 13 per cent, of 
hydrogen and 87 per cent, of carbon, small proportions of oxygen, nitrogen, 
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and sulphur compounds being also present. The hydrocarbons present in 
petroleum are numbered by the hundred, and they belong to different series, 
one or other of which preponderates according to the source. Thus, Pennsyl- 
vanian petroleums are constituted almost exclusively of hydrocarbons of the 
saturated series C,,H 2„+2 (derivatives of methane), which are also found in 
Galician petroleums, etc. 

Some petroleums contain as much as 40 per cent, of hydrocarbons solid 
at the ordinary temperature (paraffin wax), and these are left after distillation 
(e. g., Java petroleum) ; usually, however, much less than this is present, 
American petroleums having only 2*5 to 3 per cent., and those of Baku some- 
times only 0*25 per cent. Different petroleums may be distinguished by means 
of the ultra-microscope, the paraffin wax being dissolved in the colloidal 
condition. 


It is maintained by various chemists that the paraffin wax is not pre-existent 
in petroleum, but is formed during its distillation. This is contradicted by 
the fact that some petroleum pipes show deposits of paraffin wax, and this 
may also be separated from cold petroleum by special solvents. 

Hydrocarbons of the unsaturated ethylene series, preponderate in 

the petroleums of Burma and are. abundant in those from California ; Penn- 
sylvanian petroleum contains about 3 per cent. Different petroleums may 
hence be distinguished by the quantities of bromine or iodine which they fix, 
by the amounts of hydrobromic or hydriodic acid then formed (Park and 
Worthing, 1910) or by the quantities of ozone they take up (Molinari and 
Fenaroli, 1908). 

Hydrocarbons of the same general formula, C„H 2 „, but saturated (cyclic com- 


pounds, so-called naphthenes, or derivatives of cyclopentane, CH 


/ 


CHg—CH, 

i 

CHa— CHj 


or cyclohexane, CH 2 ( >CH 2 ) form 80 i)er cent, of Baku petroleums 

^CHa— CH2^ 

and occur abundantly in those of Galicia, together with about 10 per cent, 
of hydrocarbons of the aromatic series [recently (1910) liexahydrocumene has 
been identified]. 

Borneo petroleum contains up to 5 per cent, of toluene and also benzene, 
and these were utilised by the French and British during the war to |)repare 
toluene for mal-dng explosives. 

In a Russian petroleum and also in a Roumanian one, Molinari and Fenaroli 
(1908) found hydrocarbons derived from naj)hthenes with two double linkings 
and having the general formula 0 „H 2 „„i 4 (for example, C^^Hgo). 

In certain petroleums small quantities of acetylene derivatives occur. 

The formoliie reaction ^ permits of the detection of unsaturated components, 

^ The formoliie reaction was suggested in 1904 by Na.stjukov, who showed that, when treated 
with formaldehyde and sulphuric acid, all unsaturated cyclic compounds, that is, benzene 
derivatives and alicyclic derivatives containing at least one double linking, give an insoluble, 
complex condensation, product orformolite, which contains C, H, 0 and S {see Baekclite). This 
reaction is used to separate from mineral oils cyclic compounds with double linkings. To the 
mineral oil, dissolved in twice its quantity of petroleum benzine, is added an equal weight of 
concentrated sulphuric acid, the mixture being then cooled, shaken with one-half its weight of 
40 per cent, formaldehyde solution, and, after half an hour, poured into six times the weight 
of ice water; the liquid is then filtered and the insoluble matter dried and weighed. Russian 
mineral oils give 10 to 24 per cent, of formolite and the American oils 30 to 33 per cent,, whilst 
lubricating oils yield no formolite. 

The reaction with nitric acid (Marcusson, 1911) also throws light on lubricating mineral oils : 
10 c.c. of the mineral oil is dissolved in petroleum benzine (b.-pt. below 50°), and the solution 
added in drops to 30 c.c. of fuming nitric acid cooled to — 10°, 50 c.c. of concentrated (not 
fuming) nitric acid at — 10° being afterwards added and the wRole introduced into a separating 
funnel. Three layers are thus formed : the lowest, acid layer contains all the compounds soluble 
in nitric acid and the uppermost, benzine layer all the compounds not attacked by the nitric 
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which may also be determined by means of the iodine number (see later : Fats 
and Oils), this being 3*3 to 6 for Russian and 8 to 15 for American petroleum. 

It is found that petroleums produced in localities relatively near to one 
another often have different compositions; according to David Day this is 
due to the fact that the unsaturated hydrocarbons diffuse less easily through 
sandy or other soils, and this system of natural filtration gives rise to various 
types of petroleum, with preponderance of saturated hydrocarbons in some 
and of unsaturated hydrocarbons in others. These separations depend on the 
different surface tensions of the various components, as well as on the varying 
attraction and surface action exerted by the filtering material. This explana- 
tion is more reasonable than that the separation has been effected by distillation. 

The products that distil below 180° are almost exclusively saturated and 
those distilling about 200° mostly unsaturated. 

The very small quantities of oxygenated substances contained in petroleum 
(often less than 1 per cent, and rarely 5 per cent.) are composed of phenols 
and organic acids (e. g., in Galician petroleum). 

The traces of nitrogenous substances found in various petroleums (see 
above) support the hypothesis of the organic origin of petroleum. 

Almost all petroleums contain sulphur, which is very difficult to remove 
and imparts an unpleasant odour and bad colour. 

Usually the proportion of sulphur is about 0-10 to 0-15 per cent., but the petroleum 
of Terra di Lavoro contains as. much as 1-3 per cent., while still more is found (up to 3 per 
cent. ) in those of Texas, Ohio, Indiana, and Virginia, from which it has to be separated 
(see later). 

The nature of the sulphur compounds present has not yet been completely defined, 
but the presence of mercaptans, thio-ethers, and thiophene and its homologues (methyl- 
and dimethyl-thiophene) has been detected. According to Heusler it is only necessary to 
heat a little of the petroleum with a granule of aluminium chloride to detect the presence 
of sulphur, hydrogen sulphide being then developed. 

Also by fractional distillation and partly by the specific gravity, the four principal ' 
types of petroleum may be distinguished. The products distilling below 150° form the 
benzines (see later), then up to 280° are obtained lighting oil or solar oil (or Jcerose^ie), and 
after 300° remain products used for the extraction of paraffin wax and vaseline (American) 
or for the preparation of mineral lubricating oils (Russian) : 


Oiude petroleum. 
Pennsylvania ^ . 
Ohio 

Caucasus . 

Roumania 

Galicia 

Italy (Piacenza) 
Alsace 


Specific gravity. Benzine. 

0-79-0-82 10-20 % 

0-80-0-85 10-20 % 

0-85-0-90 0*2-5 % 

0*85 3-10 % 

0*82-0*90 5-30 % 

0*74-0*79 25^0 % 

0*912 5 % 


Solar oil. Residue. 

55-75 % 10-20 % 

30-40 % 35-50 % 

25-30 % 60-65 

70-80 % 10-15 % 

35-40 % 30-50 % 

55-65 % 4^8 % 

35-70% 55-60% 


acid; the intermediate, oily layer is small (3 to 5 per cent.) and of a blackish -brown colour, 
ine bottorn layer is dropped on to ice, a solid, yellow substance (aromatic and other nitro- 
denvatives ) separating, which is collected on a filter, dried and weighed. The top layer is heated 
to 6p>el the benzine, the paraffins, naphthenes, and polynaphthenes then remaining. 

*j ^ i formolite there separate the cyclic, aromatic, and alicyclic compounds, while nitric 
acid acts on aU unsaturated (cyclic and aliphatic ) compounds. American mineral oils give lar^rer 
proportions of nitrated products than the Russian (these are more resistant to the action'^of 
nitric acid). Ihe formolite reaction separates the less viscous products (less lubricating), whilst 
pol^aphthetesirsomrSSt^^ lubricating properties (olefines and possibly 

1 The varying nature of American petroleums is shown by the following results : Pennsvl- 
vaman and similar petroleums yield 60 per cent, of lighting oil, 12 per cent, of benzine, 12 per cent, 
of lubricating oils, 12 per cent of fuel oils, and 1*5 per cent, of paraffin wax, wHlst Californian 
nu! cent, of hghtmg oil, 5 per cent, of benzine, 51*4 per cent, of lubricating 

oils, and 30 per cent, of fuel oils (considerable losses occur during the refining of Californian 
petroleum ). These figures show why crude Pennsylvanian petroleum costs three ti 
much as that from California. 
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In some of the islands of the Caspian Sea (Tscheleken) is found a petroleum resembling 
the American type, with a large proportion oFparaffin wax (5-5 per cent.), and in Columbia 
(S. America) petroleums like 
those of Russia (Caucasus) 
occur. 

The Italian petroleums 
vary considerably in com- 
position and those of Emilia 
and Piacenza are so pale and 
so rich in benzine and poor 
in residues that it is ,,sup- 
posed that they are the 
condensed or diffused {see 
above) more volatile products 
of more important deposits 
not yet discovered. In the 
distillation of the Velleia 
petroleums at Eiorenzuola 
d’Arda the little residue 
obtained is added to the 
crude petroleum to be refined 
and thus becomes distributed 
in the lighting oil, so that the 
less remunerative residues 
are never placed on the 
market. The absence of 
optical activity in the 
petroleums of Montechino 
and Velleia {see above) seems 
to confirm the view that they 
are derived from more im- 
portant deposits, in which 
optically active products 
would probably be found. 

EXTRACTION AND 
INDUSTRIAL TREAT- 
MENT OF PETROLEUM. 

From the most remote times 
petroleum has been raised in 
China by means of wells 
similar to the present artesian 
ones, which the Chinese used 
many centuries before 
Europeans for obtaining drinking water. In other regions in times gone by the petroleum 
flowing at the surfaces of the water-courses began to be separated and used ; then wide, 
shallow weUs were dug and the petroleum raised to the 
surface in buckets. Nowadays, however, petroleum is 
everywhere obtained by wells bored into the earth like 
artesian wells, and sometimes the petroleum flows to the 
surface under great pressure, so that it forms a fountain 
{see Note, p. 74, and Fig. 80). It is supposed that the 
deposits of petroleum in the interior of the earth’s crust are 
situated in large cavities or pockets, where there is often a 
lower layer of salt water (Fig. 81, F) and on this floats a 
more or less abundant layer of petroleum JS ; in general, 
Pig., 81. upper part of the pocket is filled with inflammable gas, 

G, which exerts great pressure. If the boring, B, reaches 
one or the other layer, one or the other product is obtained in preponderance or even 
exclusively, and, after the aqueous layer is exhausted, the same well may yield only petroleum. 


Fig. 
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The sinking of a well is begun with a boring 35 to 40 cm. in diameter by means of suitable 
boring tools worked by long rods and toothed gearing, or by compressed-air drills mounted 
on wooden structures termed derricks (Fig. 82); the detritus of the bored rock is con- 
tinually carried away from the boring by a cuiTcnt of water, whilst in former times the 
much slower dry boring was preferably employed. When the petroleum layer is 
approached, the ^^'ater of the well or tube begins to show drops of petroleum. The power 

is often supplied by portable steam- 
engines, which should not bo placed too 
near the boring, since if the petroleum 
or gas escapes accidentally in any 
quantity during the boring, it may 
ignite and cause considerable damage 
by fire or explosion. 

In such cases it is hence advisable 
to transform the energy on the site, for 
instance, with electric motoi-s. Even 
then fires and explosions have been 
caused by the accidental ignition of the 
gas mixed with air, by sparks formed 
by stones, issuing violently from the 
well along with sand and petroleum and 
striking the iron fjamework or the rails 
of the woodwork.^ 

When the petroleum is not exuded 
under imcssurc, it is often raised by 
means of pumps, but this is not possible 
where much sand (up to 30 per cent. ) 
is also extracted and has to he allowed 
to deposit; this is the case at Baku, 
where, ho-wever, one-third of the 
petroleum issues under pressure. 

Fig. 82. During recent years there have re- 

mained relatively few “ fountains ” at 
Baku, and the petroleum of the sandy weUs, which cannot be raised by pumps, is extracted 

^ Artesian wells for extracting petroleum have an average diameter of 25 to 50 cm., and vary 
in depth according to the region; at Baku they were first of all 60 to 150 metres deep, hut of 
recent years wells have usually been sunk to a depth of 250 to 350 metros (occasionally 1000 
metres). In the Washington district of the United States the wells arc from 700 to 850 metres 
deep, and near Pittsburg is the deepest of all, 1820 metres. I’he wells are 100 to 200 metros 
apart according to the locality, and they remain active for five to ten years. 

The cost of boring varies with the district, that is, with the nature of the subsoil, and, under 
favourable conditions and for w'clls not too deep, each boring costs about £400. Those made in 
the Washington district cost oven £1400 to £1600. At Velleia, in the province of Piacenza, the 
wells are little more than 100 metres deep, whilst at Salsomaggiore they have been bored to a 
depth of 400 metros, and in one case of 700 metres, in order to utilise for medical purposes the 
iodine-salt water which is obtained, together mth a little petroleum. In America the well is 
widened at its lowest point, where it meets the petroleum, by exploding a dynamite cartridge 
(“ torpedoing ''). 

A well sunk in 1891 at Balakhany, 270 metres deep, gave an uninterrupted jet producing 
3276 tons of petroleum per twenty -four hours, and the mass of sand expelled covered the whole 
neighbourhood. A little distance away one of the Nobel Company’s wells, in 1892, gave 13,000 
tons per day. In February 1893 a well was sunk at Romany, near Baku, which for several 
weeks yielded 10,000 tons of petroleum per day ; the oil issued from the earth with such violence 
that the movement of the air broke the windows of neighbouring houses, and, as at first it was 
not possible to guide the jet into horizontal channels, all the iron plates used for this purpose 
being pierced, 250,000 tons of petroleum were lost in five weeks. In 1909 a new well at Baku 
gave, for a long time, 3500 tons of naphtha per day. A well bored at Maikop (70 kilos from the 
Black Sea), on September 12, 1910, to a depth of 70 metros, gave a jet 64 metres above the surface 
of the ground and a production of 6000 tons in twenty -f our Wrs ; on September 18 the fountain 
caught fire and five days passed before it could be extinguished. 

Fountains as rich as this are exceptional; usually wells yield much less, and at Baku a well 
is generally abandoned when it gives less than four tons in twenty -four hours. In Italy, however, 
wells are used which give only a few hundredweights of petroleum per day ; some of tho Italian 
wells produce only 60 litres a day, others as much as 2600 litres or more. 
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by special bailers ” made of a cylinder of sheet-metal terminating in a cone and fitted in 
the lower portion with a valve which opens whe^i the bailer (called the sliiilonhi) becomes 
immersed in the petroleum and closes on raising by means of pulleys and windlass, the 
steel rope carrying the bailer being wound round a large drum a short distance from the 
well. The slialoiika, containing some hectolitres of petroleum, is discharged by inverting 
it over a channel. 

From the large masonry oi‘ clay reservoirs near the wells, the petroleum passes bj’’ 
means of iron pipes to the iron tanks (holding 5000 or even 10,000 cu. metres) of the 
refineries or to the despatching stations (suitable trains or vessels), viiich at Baku are very 
near, but in America some hundreds of miles from the wells; these pipes then traverse 
plains, mountains, and valleys, and in the same way and with the help of powerful 
pumping-stations, the refined petroleum is despatched to the place of loading. In 1905, 
the Standard Oil Company began the construction of another such pipe {'pipe-line) to 
comioct the works at Kansas City with the coast; the distance is about 1700 miles and 
the construction cost £880,000 and served to transpoit daily from 10,000 to 15,000 barrels 
of petroleum.^ 

To protect stores of petroleum from lightning and fire the same precautions as for 
explosives are employed (see later), while the tanks arc so constructed that, in case of fire, 
streams of burning petroleum cannot reach other i)laces. 

DISTILLATION. Crude petroleum cannot be used for lighting, as it has a bad 
smell and colour, contains many impurities, and is composed partly of excessively 
volatile products, which might easily cause explosions or firc's in the lamps. In order to 
avoid these dangers, the petroleum is subjected to exact refining, which is controlled by 
legal enactments and \vith special apparatus (see later). 

The refining is oaiiicd out in a manner which varies with the nature of the petroleum 
and usually consists of a fractional distillation and a chemical purification. ^ 

^ The problem of transporting petroleum to great distances through pipes is far more 
complex than it seems at first sight. The capacity of a pipe is proportional to the square 
root of the fifth power of the diameter and depends on the pressure of the pump, the length 
of the pipe, the ^ difierences of level to be overcome and the viscosity of the liquid. 
Transport difficulties encountered especially with petroleums very rich in bituminous sub- 
stances and very dense, were overcome when it became possible in America to make 
homogeneous iron pipes eight inches in diameter and capable of resisting pressures of 60 to 105 
atmospheres. Eecently, however, it has been shown by 
Isaac and Buckner Speads that admixture of 10 per 
cent, of water with the petroleum diminishes the 
friction in the pipes to an enormous extent, especially 
if the inner surface of the pipe is given a spiral 
form; the liquid then assumes a rotatory movement 
with the w'ater at the periphery, so that the friction 
of the petroleum is exei-ted on the water and not on 
the surface of the pipe. To prevent stopirage of the 
pumps from causing the establishment of an uninter- 
rupted column of petroleum, which would produce 
considerable friction on resumption of working, the 
pipe is made undulating; the water then collects in 
the depressions. 

If p denotes the loss of powder in a pipe 100 feet 
long, d the diameter of the pipe, y the velocity in 
feet per second, and k a constant, then p ~ d k y-. 

Experiment shows that for a smooth 8-inch pipe with 
pure petroleum, h = 70, and with petroleum and 10 per 
cent, of water k — 41, whilst with a pipe having a 
spiral inner surface (with 10 per cent, of water), 
k = 0-37 — 0*49. Through one and the same pipe 
petroleums and oils of difierent qualities may be passed 
successively without danger of mixture, owing to the 
high pressure in the pipe. This is explained by the 
fact that, while the 10 per cent, of water is transported 
\vith some degree of friction, the 90 per cent, of 
petroleum, which does not mix with the water, slips 
and glides over the latter with extraordinarily little 
friction. 

^ The fractional distillation in the laboratory is 
carried out in Engler flasks (Fig. 83), which are 
of definite size and shape and permit of concordant 
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The industrial refining of petroleum consists in separating the crude petroleum into 
these three groups, !, II, and III. 

Apparatus is used for discontinuous, or for continuous, distillation. 

Discontinuous distillation is conveniently carried out in the so-called waggon-still largely 
used in America and at Baku. B holds as much as 2500 barrels at a time (Figs. 84 and 85). 

It is made of vTOught-iron 10 to 14 mm. in thickness, and has a corrugated bottom ; 
it is commonly 7 metres long, 4 metres wide, and 3 metres deep. The top is fitted with 
three flanged elbows which carry off the vapour. In thirty hours three distillations can 
be carried through, the residues being discharged through the three orifices, c. The 
heating is effected by means of these residues, which are forced into perforated pipes, r, 
in the double-arched hearth,* rational circulation of the products of combustion results in 
effective utilisation of the heat. 

More profitable use is now made of simpler, cylindrical boilers, which, although of 
larger dimensions, correspond almost exactly with the various types of steam-boilers, 
the heating being externa], or lateral, or internal, or two of these together. Such boilers 
of 600 to 700 or more barrels capacity are commonly used even in America, where, however, 
both the more complex and more perfect Lugo apparatus and the Rossmassler apparatus, 
in which the heating is effected by superheated steam, are also employed. 



Fig. 84. PiG. 85. 


For the condensation of the vapours that distil over, complicated iron coils are arranged 
in cisterns through which cold water circulates continuously, the bore of the pipe beint^ 
20 to 25 cm. at first and gradually diminishing to 5 to 8 cm. 

The distillate with specific gravity not exceeding 0*750 and b.-pt. 150° forms the crude 
benzine and is collected and worked up separately. The distillate with sp. gr. 0*750 to 0*860 
forms the lighting oil, and the residue is treated separately. 

At the end of the distillation, decomposition of the substances of higher molecular 
weight is avoided by direct injection into the mass of superheated steam (in many American 


results being 
separately : 


obtained in all laboratories ; the following fractions are then weighed 


I. Light or readily volatile 'petroleums : 

[a) Petroleum ether ..... 
(&) Gasolene •....* 

[c) Benzine * 

[d) Ligroin (burnt in special lamps for lighting) 

[e) Petroline (used for de-fa tting or cleaning) . 

II. Petroleum far lighting : 

I quality 

II quality 

III quality 

III. Residues of the distillation : 

[a] Heavy oils : lubricating oils . 

(& Paraffin oil . , ' 

(c) Coke 


Boiling-point. 

Specific gravity. 

40-70° 

0-635-0-660 

70-80° 

0*660-0*667 

80-100° 

0*667-0*707 

100-120° 

0-707-0-722 

120-150° 

0*722-0*737 

150-200°'! 

200-250° I 
250-300°J 

0*753-0*864 

above 300° 

0*7446-0*8588 

0*8588-0*9590 
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factories, however, decomposition of these products is purposely effected, see later), so that 
heavier lamp oils distil and condense with the water, while the residue (masut) is better 
suited to the preparation of heavy cylinder oils. This masut is then distilled in other 
stronger vessels under reduced pressure {see later : Lubricating Oils) and with superheated 
steam at 400°, yielding a distillate of medium oils easily separable from the water and a 
vacuum-concentrated residue serving for the preparation of an excellent dark cylinder oil, 
which has a flash-point above 280° and contains paraffin wax in the colloidal state. 

Continuous distillation is employed more especially at Baku, with large plants con- 
sisting of boilers arranged in series so that each boiler is maintained at a definite, constant 
temperature, the vapours passing from one boiler to the other only depositing in a con- 
densed form those portions corresponding with a given boiling-point and a given specific 
gravity. By feeding the first boiler — ^which is at the highest temperature — continuously, 
the others are also fed indirectly and kept full, each of them discharging a fraction of a 
definite, constant specific gravity. NaturaUy the higher temperature boilers are furnished 
with depMegmators (Fig. 86), which cause ready deposition of the heavy oil carried over 
with the very hot vapours. In these boilers the heating or distillation is effected by means 
of superheated steam, which is usually obtained by passing steam from a boiler [D, Fig. 87) 
through a series of iron pipes heated in a furnace by direct-fire heat. 

In addition to other advantages, continuous distillation gives an increase of 30 per 
cent, in the amount of lamp oil. The residue left after distilling the crude petroleum up 
to 280° bears the Tartar name of mamt or the Bussian one of astathi (ostatki). The amount 



Fig. 86. Fig. 87. 


of petroleum distilled in twenty-four hours corresponds with four times the capacity of all 
the boilers in the battery. 

The Nobel Company at Baku has boilers which distil 1000 tons of petroleum in twenty- 
four hours. During recent years rectifying columns similar to those used for alcohol 
have been employed, these admitting of a large production without the use of large 
boilers. 

In the “ Black Town,” near Baku, there are 200 refineries, wliich treat the whole of the 
petroleum of the district. The odour of petroleum is perceptible at a great distance, and 
the town is always covered and surrounded with dense, black smoke. The most important 
refinery is that of Nobel Brothers, which refines one-half of the annual output of the Caspian, 
although this firm possesses only one-eighth of the total number of wells. 

The Kuhierschky column {see later : Benzine) does not appear to be suited to the distilla- 
tion of petroleum. In distilling crude petroleum at Baku, as much as 5 per cent, of fuel 
(heavy oils or residues) was at one time used, but the mean consumption was 3-85 per cent, 
in 1909 and 3*42 per cent, in 1911, and under the most favourable conditions was only 
2-5 per cent.; still greater economy might, however, be effected. To distil Surachany 
petroleum 19,627 Cals, are required per 100 kilos, but during the condensation 17,359 Cals, 
are recoverable. 

The Bayonne works of the Standard Oil Company at New Jersey deals with raw 
petroleum comparatively poor in benzine and lamp oil and rich in heavy oil. Since the 
lighter products are preferred, the crude oil is subjected to an initial distillation, which is 
prolonged as far as the final products. Two qualities of lamp oil (sp. gr. 0*730 to 0-807 and 
0-800 to 0-808) are collected separately, and direct superheated steam is used to raise the 
temperature to 350° or even 390°; a mixture of equal parts of water and a dense medium 
oil (sp. gr. above 0-850, viscosity 3 at 20°) is thus obtained which is of poor quality as 
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lighting or lubricating oil, but serves for making oil-gas (see p. 64) by dropping it into red- 
hot retorts, and also for carburetting water-gas and for gas-engines. The temperature is 
tlien raised still higher without evacuating and without the use of steam, this being a 
modified form of “ cracking” (see later); the vapour distilling from the large, horizontal, 
iron vessels used passes into a dcj)hlcg mating column filled with stone situate above, the 
products of higher boiling-point being condensed and returned to the vessel to undergo 
further decomposition, whilst the vapours of the lighter products pass to the condensers. 
The heating is carried out by means of small anthracite, which is more economical than 
using petroleum residues, as is practised in Russia and Austria. The heavier products 
which distil last are naturally kept separate from the raw petroleum distilling first and 
from the benzine, and the distillation is continued until oil rich in paraffin wax no longer 
distils over and there remains in the still petroleum coke, which is used for making arc-lamp 
carbons. These last oils arc intensely cooled with brine from a refrigerating machine 
{see Vol. I., pp. 260, 621), tliis circulating round large, horizontal iron cylinders, tlnough 
which the oil is transported from end to end by moans of a revolving vaned shaft; the 

oil, which is thus cooled to 4° to 5° and 
then exlnbits the consistency of butter, 
is next passed into large filter-presses, 
these retaining the paraffin loax in cakes 
{see later). The dense oils passing through 
the filters servo for the manufacture of 
lubricating oils. 

CHEMICAL PURIFICATION OF 
PETROLEUM. The petroleum distilling 
between and 300° is not yet suitable 
for lighting purposes, as it has a marked, 
rather unificasant odour and a faint yellow 
colour, and contains substances whicli 
detract from its value. It was Eielilcr 
at Baku who first suggested (1865) 
purification by means of concentrated 
sulphuric acid. 

This is carried out in large iron tanks 
with conical bases (Fig. 88), the petroleum 
being treated with several separate 
quantities (altogether 1 to 3 per cent.) 
of concentrated sulphuric acid of 66° Be. 
(nowadays the monohydrato obtained by 
the catalytic process), the mixtiu’e being 
vigorously agitated by compressed air 
Fia- 88. blown in at the bottom of the tank, and 

each quantity of the acid separated after 
half an hour’s rest. The first addition of about 0-5 per cent, of acid serves also to dry the 
petroleum, the remainder being added in two portions. 

The sulphuric acid acts especially on the aromatic hydrocarbons (forming sulphonic 
acids), the olefines and the oxygenated acid compounds, as well as on the colouring and 
sulphur substances. The sulphuric anhydride attacks also the naphthenes to some extent. 
Sulphuric acid has a polymerising action, so that a small part (1 to 3 per cent.) of the petro- 
leum is resinified and the acid is turned black by the dissolved resins, but may still be used 
for the manufacture of superphosphates. ^ In order to weaken the action of the acid some- 

^ According to Ger. Pat. 221,615 of 1909 this black acid, containing sometimes as much as 
2'5 per cent, of complex organic substances, may be purified by causing it to fall into pure, boilinr^ 
sulphuric acid through which a current of air is passed ; all the acid distilling over is then pure 
and colourless. In Cahfomia the refineries use oleum, and the black acid recovered is mixed 
with coke or other suitable, readily oxidisable organic substances and heated, most of the sulphuric 
acid being converted into sulphur dioxide, which is then used for making catalytic oleum. In 
some rennerios the black acid is poured carefully into about an equal weight of water (givino' 
an acid of 30 Bri ), the tany mass then separating at the surface being decanted off and utiliseef, 
and the residual acid either mixed mth that used for the manufacture of superphosphates or 
heated at 140 to 150 in leaden vessels so as to concentrate it to 60° Be., the tarry matters 
remaining dissolved being thus separated or carbonised. After being washed with water, the 
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what, it is mixed with sodium sulphate; further, in order that yellowing of the petroleum 
may be avoided, sulphuric acid containing less than 0-01 per cent, of nitrous acid should 
bo employed. " After the action of the acid, the petroleum is washed in lead-lined vessels 
thoroughly with water and then with 1 to 1-5 per cent, of concentrated caustic soda solution 
(20° to 25° Be. ), air being passed in from beneath to effect mixing ; in this way the traces 
of acid remaining and also the phenolic compounds are removed. After the alkali has been 
separated, the oil is again well washed with water. The remaining petroleum is not clear, 
as it is emulsified with a little w'ater, but it clarifies on standing or more rapidly on being 
filtered through sawdust and salt or Fuller’s earth {see Vol. I., p. 738) by means of filter- 
presses, all traces of emulsion being thus removed.^ 

In recent years Edeleanu has applied in Eoumania a new method of purifying very 
viscous petroleum residues by means of liquid sulphur dioxide, which i^ery readily dissolves 
the unsaturated, carbon-rich hydrocarbons. The petroleum to be refined is dried by passing 
it through dry sodium chloride mixed with one-fourth of its weight of calcium chloride and 
is then cooled in an iron vessel to — - 10°. Liquid SO 2 (one-fourth more in amount than the 
petroleum) at — 10° is then allowed to fall in a fine spray on the surface of the liquid, 
which is not mixed ; in a short time two layers separate, the upper one consisting of petro- 
leum saturated with SOg, and the lower one of liquid SOg containing in solution the heavy 
unsaturated hydrocarbons and other impurities. This lower laj^er is removed as it forms 
to a tank where, at a rather higher temperature, it gives off the SOg, this being again 
liquefied. The SOj dissolved by the petroleum is liberated similarly, the last traces of 
the gas (0-3 per cent.) being removed by w’ashing with water. The residue of heavy, 
unsaturated hydrocarbons, mixed with tar and other impurities, is used as a substitute 
for oil of turpentine or heavy oils. This process requires somewliat complex plant. 

In 1912 there were two large plants in Europe making use of this process, the loss of 
SO 2 being 0-05 per cent, on the weight of petroleum refined and the inclusive cost 6s. lOd. 
per ton. The plant neccssai-y for the treatment of 65 tons of petroleum per ten hours 
costs about £10,000. 

Attempts have been made, without any marked practical success, to purify petroleum 
by means of alcohol, hypochlorites, bisulpliites, zinc chloride, etc. 

Some crude petroleums give a rather yellow' lamp oil, which is decolorised by exposure 
for some time to the sun in shallow tanks covered wdth sheets of glass. Sometimes the 
yellow tint is removed by dissolving in the petroleum traces of complementary blue or 
violet dyes; as, however, nearly all commercial dyes are insoluble in petroleum, it is 
necessary to obtain from the manufacturers the bases of the colouring-matters, these 
being soluble. 

In certain cases, decolorisation is attained with infusorial earths, clays, or natural 


tarry mass serves either as a substitute for tar, or for impregnating timber, or as a fuel. Nitro- 
genous residues (waste horn, hides, leather) are sometimes converted into nitrogenous fertilisers 
(containing ammonium sulphate) bj' treatment wth the hot, black acid. 

According to F. Braunlich (Ger. Pat. 267,873, 1913) it is better to add the black acid, not to 
pure acid, but to sodium bisulphatc (or the potassium or ammonium salt, or a mixture of these) 
heated to fusion, pure sulphuric acid then distilling off. J. Mcischcr (1907) obtains colourless 
acid (45° to 50° Be. ) by causing the black acid to diffuse through porous partitions w’^ashed by a 
little water. 

The concentration of the acid cannot be determined by ordinary titration, since the sulphonic 
acids present also have acid reactions; these, however, yield soluble barium salts. 

^ I’he black alkaline liquors from the refining of petroleum may be utilised by concentrating 
them in iron pans to a syrupy consistency and calcining the residue in a muffle furnace ; this 
procedure yields sodium carbonate, which is extracted with w'atcr and may be converted into 
alkali hydroxide by treatment with lime (see Vol. I., p. 554). Unsaturated hydrocarbons and 
ketones (acetone, etc.) may be condensed from the gases evolved from the muffle furnace. 

The black alkali liquors may also be used for the preparation of the sodium salts of the 
naphthenic acids (e. g., tridccanaphthcnic acid ; see later. Naphthenes), w'hich are used as substitutes 
for antiseptic soaps and are obtained by heating the liquor in iron pans in w^Mch hags containing 
sodium chloride arc immersed. The heating and concentrating arc continued until sufficient 
salt is dissolved to cause separation of the sodium salt of the naphthenic acids. The alkaline 
salt solution is then decanted off and treated as described above, wdiilst the soap substitute is 
heated further until it gelatinises completely, and is then despatched in "wooden casks ; the 
product has a less disagreeable odour if a current of hot air or superheated steam is passed 
through the mass before the alkaline salt solution is separated. 

The direct utilisation of the black alkaline liquor for the impregnation and preservation of 
railw^ay sleepers has been suggested. 
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magnesium hydrosilicates {Fuller’s earth, see Vol. I., p. 738), but these are not applicable 



in ordinary coils, F. By this process, 
some refineries are able to purify as much as 11,000 tons of petroleum per day. 

Recently petroleum has been desulphurised by means of metallic sodium, and treatment 
\»tith aluminium chloride in the hot and under pressure is also recommended. V. Walker 
(U.S. Pat. 955,372, 1910) passes the vapours into columns fitted with perforated plates and 
containing anhydrous cupric chloride, the last traces of hydrogen sulphide being removed 
by passing the vapours into a solution of lead oxide in caustic soda. Robinson (1909) 
separates the sulphur by treating the petroleum with highly concentrated sulphuric 
acid. 

In well-refined petroleums, the proportion of sulphur is always less than 0-06 per cent., 
usually 0*02 per cent. 

Attempts are sometimes made to deodorise petroleum by addition of fatty acids and 
tannin and subsequent saponification, or by addition of calcium hypochlorite, or aluminium 
chloride, or bisulphites, or acetone, or formaldehyde. The odour may also be masked by 
addition of a perfume (bergamot oil, neroli oil, orange-flower oil). 

The fluorescence may be eliminated by addition of yellow colouring matters {e. g., 
nitronaphthalene, quinoline yellow, etc.). 

PETROLEUM TANKS. The refined petroleum is preserved in large cylindrical 
sheet-metal tanks (Pig. 90), situated near the works; they are whitened outside to reflect 
the heat of the sun, and are furnished with charging and discharging pipes communicating 
with the pumping-station by which aU the liquids in the works are circulated. 

TRANSPORT OF PETROLEUM. For transport by land and sea, wooden casks hold- 
ing 159 litres (about 145 kilos) were at one time exclusively used, but to-day land transport 
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is effected by tank-cars (Fig. 91), wliicb are now numbered in thousands (more than 20,000 
in the United States, and more than 15,000 in Russia). For sea transport, tank-steamei's 
arc used (there are now 860 of these of the total capacity of 630,000 tons) (Fig. 92); when 
they arrive at their destinations in the ports of different countries, they are discharged 
by means of pumps into storage-tanks or directly into tank-cars. From these stores 
(there are tanks of 2000 tons capacity at Leghorn, Savona, Genoa, and Venice) the petroleum 
is despatched inland in wooden or iron casks or in cans holding 14 kilos (17 litres) and 
packed in pairs in wooden cases ; the wooden casks are coated inside ’with a thin layer of 
glue. 

For long-distance transport through pipes, see note on p. 75. 



USES AND STATISTICS. The greater part of refined petroleum is still used for 
lighting purposes, either in the old lamps with flat -wicks or in those with cylindrical wicks 
and flame-spreaders or in lamps with incandescent Auer mantles ; it can be used advan- 
tageously for household illumination in to-wn and country. Part of it is employed for 
power purposes, as in internal-combustion engines it gives an efficiency of 25 to 37 per cent., 
whilst coal yields only 12 per cent. However, while in Russia large quantities of petroleum 
were used in the past in factories and for locomotives, nowadays it is being replaced by coal ; 
in America, on the other hand, the opposite is the ease, and the Mexican Railway alone 
consumed more than 4000 bairels of petroleum per day for its locomotives in 1908. Its 
use on fast ships has the advantage of 28 per cent, saving in space. In America, about 



Carbone, coal; ‘petrolio, petroleum; macchine ecaldale, engines and boilers. 


19,000,000 barrels of petroleum were used altogether for raitay locomotives in 1907. 
Lastly, it is used as a disinfectant and for lubricating engines, etc. 

The prodiLction of petroleum has increased in a surprising manner, in spite of the gro-wdng 
development of the gas and electrical industries. The following figures illustrate this for 
the two great petroleum- producing regions : 


1874 


Caucasus (Russia) 

Tons 

100,000 

United States 
Tons 

1,500,000 

1884 


. 1,500,000 

3,400,000 

1894 


. 5,000,000 

7,000,000 

1905 


. 7,969,239 

17,636,000 

1910 


. 9,500,000 

26,000,000 

1916 


. 0,934,000 

40,100,000 


VOL. U. 
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The total imrld's prodmlion was about 12,000,000 tons in 1894, the output in succeeding 
years being shown in the note.^ 


^ Oul'put of crude pelroleum (in thousands of tons) ; 



3900 

1905 

1910 

1913 

1913 

1035 

191C 

United States 

12,000 

20,000 

27,451 

29,663 

32,315 

40,760 

43,611 

Russia .... 

9,000 

7,969 

9,657 

9,265 

9,246 

9,949 

10,556 

Dutch East Indies . 

800 

1,126 

1,495 

1,520 

1,534 

1,793 

1,910 

Galicia .... 

700 

855 

1,700 

1,180 

1,087 

602 

940 

Eoumania 

350 

641 

1,352 

1,806 

1,885 

1,744 

1,493 

British India 

300 

600 

818 

900 

1,000 

1,189 

1,231 

Japan .... 

120 

195 

270 

250 

250 

452 

, 434 

Canada 

— 

92 

60 

— 

— 

31 

28 

Germany 

59 

81 

145 

140 

130 

144 

144 

Italy .... 

23 

6 

7 

7 

6 

6 

7 

Italy (importation ) 

— 

63 

85 

113 

115 

111 

98 

Peru ... . 

— 

54 

140 

— 

— 

362 

369 

Mexico .... 

— 

— 

1,600 

2,100 

3,000 

4,771 

5,628 

Trinidad 

— 

— 

— 


— 

— 

— 

Various other countries . 

78 

85 

673 

2,375 

3,350 

— 

— 

World’s output 

23,000 

31,000 

43,500 

50,798 

60,000 

66,880 

— 


In 1913, 63-8 per cent, of the total production of petroleum was due to the United States, 
18-2 per cent, to Eussia, 5-9 per cent, to Mexico, 3-7 per cent, to Eoumania, 3 per cent, to the 
Dutch East Indies, 2-1 per cent, to Galicia, and 1*9 per cent, to British India. 

Some of the Galician wells are 1200 metres deep and one as much as 1490 metres. 

Groat Britain imported 4269 tons of crude petroleum in 1909 and 674 tons in 1910, besides 
- 528,545 tons of refined petroleum (£2,280,000) in 1909 and 500,000 tons in 1910. 

In Germany the output of 145,000 tons in 1910 was furnished mainly by Hanover, next in 
order being Alsace (33,500 tons). Germany imported 983,600 tons of petroleum (31,500 of the 
crude product, which was refined in Germany) in 1909, 1,150,000 tons in 1910 and 989,000 tons 
in 1911. 

In Alsace (at Pechelbronn) 350,000 tons of petroleum were extracted in 1913 from wells 
70 to 150 metres deep, the cost of extraction being about 32s. per ton of the crude product. 

In the United States the capital invested in 147 petroleum refineries in 1909 amounted to 
£36,400,000. The output in California has almost doubled since 1908. The production of 

220.200.000 barrels (of 131 kilos) in 1912 was furnished by: Oklahoma, 52,000,000; Illinois, 

28.000. 000; Louisiana, 10,000,000; Southern Virginia, 11,800,000; Texas, 10,600,000; -Ohio, 
8,500,000; Pennsylvania, 8,000,000; Indiana, 1,200,000; Kansas, 1,300,000. The output 
from the new borings at Caddo, near Shreveport (Louisiana) was 3358 barrels (of 150 litres) 
in 1906 and about 7,000,000 barrels in 1911 ; the borings are as much as 700 metres deep and 
some yield 25,000 to 70,000 barrels (density 0-815) per day. 

In 1911 the United States exported 4,000,000 tons of petroleum (£12,200,000) and in 1912, 

6.600.000 tons. 

To transport petroleum from Baicoi to Costanza, the Eoumanian Government in 1912 
projected the construction of a pipe-line 300 kilometres in length, to cost £720,000. The number 
of companies connected with the petroleum industry was 59, but only one-half of this number 
were successful. The output in 191*1 was furnished by : the Prahova district, 1,440,765 tons : 
Dambovitza, 88,971 ; Biizen, 68,981, and Bacau, 26,402 tons. 

The Eoumanian refineries treated in 1903 314,718 tons of crude petroleum, and in 1904 
391,387 tons, which yielded 62,218 tons of benzine, 109,510 tons of lighting oil, 30,214 tons of 
mineral oils, and 173,661 tons of residues. In 1909 Eoumania exported 420,000 tons of petroleum, 
benzine and mineral oils, while in 1910, out of a production of 1,352,300 tons, 339,300 tons of 
refined petroleum and 125,750 tons of benzine were exported. 

In Eussia the output in 1912 was 560,000,000 poods (1 pood = 36 lbs. ) furnished by : Baku, 

415.000. 000 poods; Suraehany, 31,000,000; Grosny, 65,000,000; Tscheleken, 12,000,000; 
Binagad, 10,000,000 ; Maikop, 9,000,000 ; Eerghana, 4,000,000 ; island of Swiatoi, 3,000,000, etc. 

The importation into France (about 25 per cent, from Eussia and 70 per cent, from the United 
States) is as follows (tons) : 

1913 1914 1915 1910 

Crude petroleum . 159,459 116,070 18,565 39,000 

Eefined petroleum 208,960 182,400 219,400 248,200 

Almost all the petroleum produced in Italy is obtained from Montechino, that furnished by 
Velleia continually diminishing in amount. Up to 1907 the imports into Italy were derived 
to the extent of two-thirds from the United States, one-fourth from Eussia, and only a little from 
Eoumania, but after the establishment of new commercial treaties these proportions underwent 
marked change, Eoumania alone supplying 29,000 tons in 1909. Further alterations followed 
readjustments in the customs' duties. 

The Argentine imported petroleum to the value of £400,000 from the United States in 1909, 
the imports into Brazil, also from the United States, being valued at £1,320,000 in the same 
year. 
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The consumption of petroleum for lighting purposes by different countries is quite 
different proportionately from the production, as is sho-wm in the following Table, which 
gives the mean consumption in kilos per inhabitant in 1904 and in 1911 ; 


Annual consumption 
per mliabitant. 



190i. 

iwi. 

United States .... 

25-21 

30 

Germany ..... 

16*72 

11*6 

England 

11*84 


France 

8-22 



Russia (140,000,000 inhabitants) 

7-51 



Japan . 

6*65 



Belgium 



20*7 

Roumania ..... 

4*50 


Denmark ..... 



24*4 

Austria-Hungary .... 

4*31 


Norway ..... 

— 

23*3 

Italy 

2*21 



Greece 



1*8 

India (300,000,000 inhabitants) 

1*7 


Spain 

— 

1*6 

China (300,000,000 inhabitants) 

0*85 



Holland 

— 

29 


The units of measure of petroleum in different countries have already been given on 
p. 65. 

In view of the enormous and increasing consumption of petroleum, it may be interesting 
to know how much longer the known stock of petroleum in the earth will last. According 
to the calculations made in 1909 by the Geological Survey Office, the known deposits 
of pcti'olcum would last until 1990 if the annual consumption remained at its present 
amount, but if the consumption increases in the same proportion as it has been doing 
during the last few years, the deposits will be exhausted in 1935. Account must, however, 
be taken of the new sources discovered every year and of the fact that many regions still 
remain to be explored. 

The price of rectified petroleum ^ at Batoum before the w^ar was about Is. 2d. per quintal 

^ Tests for Lighting Petroleum. A good petroleum is limpid and colourless, docs not turn 
brown with sulphuric acid (sp. gr. 1-53), and has a specific gravity of 0*820 to 0-825 (Russian) 
or 0*780 to 0*805 (American); the specific gravity is determined with a hydrometer at 15° 
(corrected by 0*0007° for each degree of temperature) and referred to water at 4°. It should 
not have an acid reaction ; when 10 c.c. of the petroleum is dissolved in a mixture of alcohol 
and ether previously rendered neutral to phenolphthalein, an immediate violet coloration should 
be produced on addition of a single drop of N/10 alcoholic caustic soda. Wlien subjected to 
fractional distillation in the Engler flask (p. 75) it should not yield products distilling below 
110°, only 5 per cent, or at most 10 per cent, up to 150°, and less than 10 per cent, or at most 
16 per cent, above 330°; in the distillation products the difference in specific gravity between 
Russian and American petroleums is increasingly marked. ■ American petroleum is distinguished 
from the Russian {see pp. 70 el seq.) also with the refractomefer [sec later : Oils and Fats), and by 
the different solubilities of the fractions of equal specific gravity in a mixture of chloroform and 
aqueous alcohol (Riche-Halphen test). This test is carried out as follows : Of each fraction 
wdth specific gravity higher than 0*760, 4 grams is weighed into a beaker, and from a burette 
a mixture in equal parts of anhydrous chloroform and 93 per cent, alcohol is run in until the 
turbidity first formed suddenly disappears : 


Density . 

American petroleum (cubic 

0*760 

0-770 

0*780 

0*790 

0*800 

0*810 

0*820 

0*830 

0*850 

0*880 

centimetres solvent) 
Russian petroleum (cubic 

4*3 

4*6 

5*2 

5*9 

6*6 

7*7 

9*5 

11*3 

~ 

— 

centimetres solvent) 

4*0 

3*8 

4*1 

4*2 

4*0 

4*2 

4*5 

5*0 

6*4 

11*9 


Italian petroleums behave like the Russian, but this reaction does not serve to distinguish 
between the other European petroleums (Utz, 1905). 

The viscosity determined with the Engler viscometer [see later: Mineral Oils) should not be 
greater than 1*15 at 20°. The luminosity is determined with the Bunsen photometer (p. 63) 
and, in general, 3*5 to 5 grams are consumed per candle-hour. 

The determination of the temperature at which a petroleum gives off inflammable vapours, 
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(220 lbs.), and the transport to Genoa Is. 5d., and, making allowance for all taxes, Russian 
petroleum costs at Genoa 16s. per quintal, including the cask; the American costs 16s. lOd!., 
and at the present time Russian petroleum is beginning to oust the American product from 
the European markets. In the free port of Hamburg, Russian and American petroleums 
cost 16s. lOd per quintal in 1879, 13s. 7d. in 1890, and 14s. 9|d. in 1904. 

TREATMENT OF CRUDE BENZINE 

The portion of crude petroleum distilling below 150° forms crude benzine, which may 
be separated by fractional distillation into various qualities for different commercial uses 
{see p. 75). 

The heat of evaporation of benzines boiling up to 50° is 81*14 cals., of those boiling at 
100°, 75*93 cals., and of those boiling at 130°, 71*26 cals. The calorific value varies from 
10,500 to 11,500 cals. 


is of great importance, and in order to obtain concordant results, the Abel apparatus modified 
by Pensky (Pigs. 93 and 94) is employed in all laboratories. The petroleum to bo examined is 
placed in a brass receiver, (?, up to the level-index, h ; the cover, D S, carries a thermometer, t, 



Pig. 93. Pig. 94. 

which dips into the petroleum, and a clockwork mechanism, T h, which, when released (by a 
lever, h), opens automatically a small window in the cover; at the same instant a small oil-flame 
passes through the window and is immediately withdrawn, the window then closing. The 
petroleum receiver is surrounded by an air-chamber, A, which is heated to 55° in the reservoir, 
W> regulated by the thermometer Por eve^ 0*5° increase of temperature of the petroleum, 
the spring is released, this being continued until the flame ignites and explodes the mixed petro- 
leum vapour and air. The slight explosion sometimes extinguishes the flame. The temperature 
shown at this moment by the thermometer is that of inflammability [flash-point), which is, 
however, influenced by the atmospheric pressure and should be corrected by -f 0*035° for every 
mm. of pressure above 760 mm. 

_ * In Italy, Germany, and Austria the sale of petroleum for lighting purposes is prohibited 
if it shows a flash-point below 21° in the Abel apparatus; otherwise explosive vapours could 
be formed in ordinary lamps, even at 30° or 32°, which would be dangerous. A petroleum 
inflammable at above 60° (Abel) cannot be used for lamps. 

A rough-and-ready test to detect if a petroleum is dangerous consists in pouring a little 
into a glass and throwing into it a lighted match ; if the latter is extinguished, the petroleum 
is safe. 

The illuminating power is determined with the Lumlner and Brodhun photometer [see 
Tig. 77, p. 63). To determine the moisture or water, which does not separate well in the distilla- 
tion of certain Californian petroleums, Robert and Eraser (1910) proposed adding calcium 
carbide and measuring the quantity of acetylene formed, this depending on the amount of 
water present. 
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Tile crude benzine is redistilled in small horizontal or vertical boilers, usually heated 
by superheated steam either in a jacket or in closed coils inside the boiler, the condensed 
water being collected outside the boiler. 

When there are many volatile products, an apparatus similar to that used in the rectifica- 
tion of spirit is employed (see chapter on Alcohol) ; the heating is efiected by means of iron 
(not copper) coils, through which steam passes, and the dephlegmation is carried out 
first with water and then with air. Such a system of rectifjdng columns is to-day in general 
use, and the condensation of the vapours and the cooling of the condensed benzine are 
effected by the crude benzine, which is thus fractionated and fuel at the same time 
economised. 

A special apparatus for condensation and rectification, devised by Veith, consists of 
five iron double-walled cylinders (with water-circulation), connected in series and ter- 
minating in a sixth cylinder containing a coil wnth many turns for the condensation of 
the vapour from the preceding cyhnder. The coil is cooled by ice and cold water, which 
then passes successively into the jackets of the other five c^'linders and gradually becomes 
heated. These five cylinders are three-fourths full of pure iron turnings free from oil. 
The vapours from the boiler in which the benzine is distilled pass through eyfinders 1 to 5, 
in each of which that part condenses which is liquefied at the temperature of the water 
circulating in the jacket. 

The least volatile products condense in the first cyhnder and the most volatile ones in the 
final coil. At the bottom of each cylinder is a pipe with a tap communicating with a tank. 

The apparatus for distilling and rectifying benzine are so constructed that the vapour 
above the boiling liquid which is mixed with air is separated from the liquid, e. g., by metal 
gauze, so that in case of fire or explosion the fiquid does not ignite. 

Baku petroleums give only 0-2 per cent, of benzine, and those of Grosny (Russia) about 
4-5 per cent. In 1902, 341,000 tons of naphtha were distilled at Grosny, 14,000 tons of 
benzine (about 4 per cent. ) being obtained. Pennsylvanian petroleums give up to 12 per 
cent, of benzine, and those from Campina (Roumania) 3 to 5 per cent. ; a petroleum from 
Anapa (Caucasus) gave 28 per cent, Italian petroleums from Emiha jueld 30 to 35 per 
cent, of benzine. 

After the fractional distillation of the benzine the separate portions are often refined 
by treatment with concentrated sulphuric acid mixed with 0-2 per cent, of potassium 
dichromate and 0*01 per cent, of lead oxide. Fuming sulphuric acid also gives good 
results, but animal charcoal and magnesium hydrosilicates are not very satisfactory. 
The treatment is carried out in closed vessels with mechanical stirrers (the use of compressed 
air being inapijlicable here), similar to, but smaller than, those used for refining petroleum 
(see Fig. 88, p. 78). After removal of the acid, the benzine (not stirred) is treated with a 
spray of water, w'hich is then withdrawn from beloTv. The benzine is next mixed for some 
minutes with 1 to 2 per cent, caustic soda solution which is decanted off, two washings 
with water then following. In some w^orks a single refining of the crude benzine, prior to 
rectification, is preferred, counter-current apparatus in series effecting continuous refining. 

The benzines obtained by destructive distillation according to the cracking process 
(see pp. 33 and 87) cannot be refined by means of sulphuric add, since they are rich in 
unsatm’ated hydrocarbons, wliich give considerable heating with the acid. Such benzines 
are of less commercial value than ordinary benzines, to which they are added in small 
proportions. 

Benzine is produced mainly at Baku and in Pennsylvania, but some is refined in Germany 
and large quantities are sent to Europe from the East Indies — from Java, Sumatra, and 
Borneo; Galicia and Roumania also yield large quantities. 

Commercial benzines are of various qualities, and as they consist of mixtures of different 
hydrocarbons, they have no well-defined characters, their densities and boihng-points 
varying between certain limits estabhshed by commercial usage and depending on the 
origin of the product. Thus, American automobile benzines (petrols) have the sp. gr. 
0-695 to 0-705, and the b.-pt. 60° to 100°, whilst for Indian benzines the sp. gr. is 
0-705 to 0-715 and the b.-pt. 65° to 120°. It would be more rational to jay down the 
rule that the first drop should not distil below 60° and the last drop not above 100° (or 120° 
for Indian benzine), and that at 95° (105° for Indian) at least 95 per cent, should distil, 
and that at 100° (or 120°) not more than 1 per cent, of residue should remain. 

Rational rectification of crude petroleum benzines yields the following products. 



86 ORGANIC CHEMISTRY 

BMgolene {see p. 37), used sometimes as a solvent and as an anaesthetic, has the sp. gr. 
0-600 to 0-630 and the b,-pt. about 35° (more volatile products form cymogen), and consists 
mostly of pentane and isopentane. Gcisolene has the sp. gr. 0-630 to 0-666, boils at 40° to 
50°, and contains hexane and some of its isomerides; it serves to carburet the feed-air for 
special lamps and in some cases as a solvent. Petrolemn ether contains pentane, hexane, 
and higher hydrocarbons, boils at about 50° to 60°, has the sp. gr. 0-660 to 0-670 (in Russia 
and America it is divided into various qualities boiling between 50° and 80°), and is soluble 
in twice its volume of alcohol-ether and also in chloroform and carbon disulj)hide; it 
dissolves fats, resins and rubber and is also used to carbui-et air ; the good qualities do not 
colour an equal volume of siilphuric acid when shaken with it; if adulterated with tar 
benzene, it emits an odour of bitter almonds when shaken with a mixture of equal volumes 
of concentrated nitric and sulphuric acids.^ Benzine for retnoving spots boils at 70° to 90° 
and has the sp. gr. 0-700 to 0-720; if too volatile, it leaves a ring on the fabric in place of 
the spot. Benzine for cleaning has the sp. gr. 0-725 to 0-730 and distils completely below 
100° (otherwise it imparts an unpleasant odour to the fabric). Solvent benzine is used to 
extract fats from industrial products (wool, bones, etc. ) and also alkaloids ; the different 
qualities boil between 80° and 150° (sp. gr. 0-710 to 0-735). American heavy engine benzine 
has the sp. gr. 0-735 to 0-755, and the Indian variety, 0-750 to 0-770; the more expensive 
automobile benzine is sometimes adulterated with this cheaper product, especially for 
motor lorries. Benzine to replace oil of turpentine is used for paint and has a sp. gr. 
sometimes as high as 0-800. 

The consumption of benzine in the various countries of Europe amounted in 1908 to : 
115,000 tons in Germany, 130,000 tons in France, 100,000 tons in England, 10,000 tons 
in the Netherlands, 110,000 tons in Russia, 20,000 tons in Rouniania, 10,000 tons in Austria 
and Galicia, and 25,000 tons in other countries. The United States produced 800,000 tons 
of benzine in 1908 and the Dutch Indies 260,000. In succeeding years the consumption 
increased enormously owing to the rapid development of motoring.^ 

The price of light and heavy benzines doubled between 1909 and 1914 (in Germany 
the light products cost £12 16s., and the heavy ones £8 per ton in 1909). The average 
consumption per kilometre may be taken as 180 grams for motor-cars and 600 grams for 
heavy commercial vehicles (these use also the cheaper heavy benzines). 

TREATMENT OF PETROLEUM RESIDUES 
A, Lubricating Oils. B. Vaseline. C. Paraffin Wax. 

(A) LUBRICATING OILS. The crude petroleum residue remaining in the boilers 
even at 300° (astatki or masut) ^ forms a brownish black mass with a greenish reflection, 

^ A more certain test is the very sensitive indopheninc reaction, due to thiophene {q. v. ), 
which is always present in benzene from tar. 

^ France imported the follovdng amounts of petroleum benzine (especially from the United 
States) : 170,000 tons in 1913, 172,000 in 1914, 214,000 in 1915, and 325,000 in 1916. 

The output of benzine in the United States was 12,000,000 barrels (of 159 litres) in 1909, 
while in 1913 that for motoring alone amounted to about 17,000,000 barrels. 

The quantities of crude benzine imported by Germany (one-half from the Dutch Indies and 
the rest from Austria, Boumania, and Russia) were : 133,813 tons in 1909 and 188,000 in 1911, 
the pure benzine imported being 5864 tons in 1909 and 7387 in 1910. The output in Germany 
was 133,765 tons in 1910, and 165,058 tons (£1,440,000) in 1911. 

The Italian production and importation of benzine were as follow'S (tons ) : 

1905 1910 1912 1913 1911 1915 1916 1917 

Production . — 2,000 4,000 3,000 2,000 2,000 2,000 — 

Importation . 3,000 11,000 23,000 30,000 41,000 54,000 109,000 109,000 

Roumania produced 231,000 tons of benzine in 1910, and the Argentine imported benzine 
to the value of £344,000 in 1909. 

3 Masut contains, on the average, 87-5 per cent. C, 11 per cent. H, and 1-5 per cent. 0; it 
has a mean sp. gr. of 0-91, an ignition temperatuxo of 110°, and a calorific value of 
10,700 cals. When used as a fuel it is gasified, the vapours, mixed with compressed air, burning 
completely; it is often burnt directly after pulverisation with compressed air or steam. 

In. view of the great calorific value of petroleum residues and their increasing production, 
new outlets have been sought for them; they should have a great future as a substitute for coal 
in the heating of boilers, steam-engines, ships, etc. 

As has been already stated, however, this use of it is diminishing in Russia, although con- 
tinually extending in the United States, hi Italy attempts have been made (1911) to bum 
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dense and sometimes semi-solid at ordinary temperature, and often with a hurnt, faintly 
creosotic smell; it has the sp. gr. 0-900 to 0-950 and the coefficient of expansion 
0-00091 ; that of Baku contains no paraffin wax and hence does not freeze, and gives inflam- 
mable vapour even at 120^ to 160^. W hen these residues are discharged from the boiler, 
in order to cool them and so prevent them taking fire they are passed through the tubes 
which serves to heat the crude petroleum before introducing it into the boiler. At Baku 
the residues, which form almost two-thirds of the crude naphtha, are largely used as a 
fuel for the distillation vessels and also for locomotives and marine engines, the calorific 
power being 9700 to 10,800 cals, and 1 kilo being able to evaporate as much as 14 to 15 
kilos of water. 

Utilisation of a great part of these residues was commenced after the first American 
and Scotch samples (from shale oils) were exhibited at the International Exhibition at 
Paris in 1867. In Russia enormous quantities of residues, of almost no commercial value, 
accumulated every year. Their utilisation was initiated in 1873 at Balachna (near Nijni 
Novgorod) and later at Baku by the Ragosin process for preparing the best lubricating 
oils (those of Baku are highly valued) by distilhng the residues by means of superheated 
steam, so as to avoid the formation of empjTeumatic odours.^ 

The distillation of these oils, and also that of the oils transuding during the refining 
of paraffin wax {see later), is now carried out in long horizontal boilers, since in vertical 
ones — ^which were used at one time — the vapours, in contact with the heated walls, give 
products of profound decomposition and of bad odour. Direct-fire heating may be partly 

it, after pulverisation, directly under boilers, and it might be used advantageously if it did 
not cost at the factory more than about £2 8-5. per ton, coal giving 8UOO cals, costing £1 Ss. ; the 
cost of transport is, however, excessive, increasing the price from Ss. to 12.i.-. at the refinery to 
£2 8s, in Italy. The Customs duty (Italy) is only 
Is. 7d. per ton. 

The heavy oils extracted from petroleum residues 
are largely used for special engines of the Diesel 
type. 

^ “ Cracking ” Process. In some cases it is 
convenient to convert the heavy mineral oils (and 
also the masiit) into petroleum for lighting, use being 
made of the process of cracking. This is based on 
the fact, established in 1872 by Thorpe and Young, 
that, when the vapours of heavy petroleums are 
superheated, they yield gaseous hydrocarbons (6 to 
8 per cent.) usually poorer in hydrogen (ethylene 
series) and lighter licpiids which may be used as 
second-quality petroleum. The operation is carried 
out in a vertical boiler (Fig. 95), placed in a furnace 
so that its walls are strongly heated by the hot 
fumes circulating round them. The boiler is not 
completely filled mth niasut, so that the vapours 
e^'olved, coming into contact with the red-hot walls 
above the liquid, are decomposed ; after separation 
in a dephlegmator of the heavy oil carried over, the Big. 95. 

vapours are progressively liquefied in ordinary con- 
densers or refrigerators, yielding lamp oil, benzine, etc., whilst the remaining gas is used for 
heating or for gas-engines. A mineral oil from Ohio treated by this process gave the following 
products : 25 per cent, of benzine (sp. gr. 0-650 to 0-745), 33 per cent, of lighting petroleum 
(sp. gr. 0-800 to 0-840), 10 per'cent..of light paraffin oils for burning (sp. gr. 0-854 to 0-859), 

31 per cent, of solid paraffin wax and paraffin oil (sp. gr. 0-870 to 0-925), and 3 per cent, of coke 
and loss. 

Manufacture of Benzene from Naphtha. Attempts in this direction had already been made 
as early as 1875, and later Ragosin and Nikiforow’, Krey, Laing, Dewar, and Redwood attacked 
the problem, but without practical success. Recently Nikiforow appears to have succeeded, 
and he has devised a plant for treating 2400 tons of crude naphtha and producing 262 tons of 
benzene. He subjects the naphtha to two distillations under different pressures, in a retort 
first at 500° and then at 1000°. In this way 38 per cent, of tar containing 50 per cent, of 
aromatic compounds is obtained, together with an abundant supply of gas which serves for 
heating, lighting, and power purposes. After redistillation and rectification of the first of these 
products, a final yield of 12 per cent, of benzene and toluene is obtained, 3 per cent, of naph- 
thalene, 1 per cent, of anthracene, and various secondary product.s. Benzene thus prepared 
will apparently cost £10 per ton and the aniline oil (used in dyeing) obtainable from it would 
cost about one-half as much as that on the market in Russia. J. Hausmann (Ger. Pat. 227,178, 
1909) also obtains benzene and its derivatives by passing the vapours of mineral oil into red-hot 
tubes, and into contact with catalytic agents (oxides of iron, lead, and cerium, sulphate of iron, 
etc.). ' 
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used in conjunction with internal heating by superheated steam at 220°, and the distillation 
is facilitated by carrying it out in a vacuum (see p. 77)- 

Fig, 96 shows the plant used by Nobel Brothers at Baku. The condensation is eifected 
in long, parallel, slightly slanting pipes, d, d^, d^ (40 to 50 cm. in diameter), communicating 



alternately at the ends. The first of these is cooled by air alone, the second by water, and 
the third by very cold water that circulates in a coil; H is an exhaust-pump. At the 
bottom of each of these pipes is a discharge pipe for the mineral oil condensates, which 
pass to water-separators ; thus three qualities of oil are obtained in three separate tanks : 
20 to 25 per cent, of lamp oil, sp. gr. below 0*890 ; 6 to 10 per cent, of spindle oil, 



sp. gr. 0*890 to 0*900; 25 to 30 per 
cent, of engine oil, sp. gr, 0*900 to 
. 0*920 ; 3 to 4 per cent, of cylinder 
oil, sp. gr. 0*925 ; 3 per cent, of tai ; 
and 5 per cent, of loss. The 
quantity of steam consumed varies 
from 100 to 150 per cent, of the 
amount of oil distilled and the 



Big. 98. 


quantity of masut treated every twenty-four hours corresponds with about double the 
volume of the boilers. 

A somewhat different apparatus, which has also given good results for the distillatmi 
of iar and of its heavy oils, is that made by the firm of Hirzel in Leipzig. The large boiler, 
BV, with a convex base (Bigs. 97 and 98) is divided longitudinally by a metal partition’ 
1, which allows the two halves of the boiler to communicate at the end, 7 ; the distillation 
products enter at the tube 4, connected with the horizontal pipe 5, from which the liquid 
descends to the bottom of the first half of the boiler along the tubes 6; the superheated 
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steam enters by the tube 3, which is forked half-way down the boiler and connects Tvith 
a battery of horizontal perforated pipes, 2, running along the bottom of the boiler. The 
liquid moves slowly in a comparatively thin layer from the first to the second half of the 
boiler, passing through the space 7, and issuing at the tube 8; the vapours are collected 
in the dome, W, containing perforated discs to condense the drops carried over with the 
vapours, the latter proceeding through the tube a to the rectification or fractional distilla- 
tion apparatus. In 1911 the Hirzel apparatus was also used by a large Italian firm of 
metallurgical coke manufacturers and tar distillers. 

All these crude mineral lubricating oils, after being freed from moisture by heating, 
are refined by prolonged shaking in apparatus similar to that shown in Tig. 1 10 with 5 to 

10 per cent, of concentrated sulphuric acid (containing not more than 0-01 per cent, of 
nitrous acid) and, after decantation of the black acid, with 04 to 0-8 per cent, of a con- 
centrated caustic soda solution (23° Be.), just as with lamp oil, but at 60° to 65°, this being 
followed by washing with hot water. The largest proportions of the reagents are used 
with the denser, darker oils, the stirring being then effected with mechanical stirrers instead 
of with air. In these refining operations 3 to 5 per cent, of the mineral oil is lost during 
the acid treatment and 4 to 6 per cent, during the alkaline treatment. The residues in 
the boilers, if they are not solid coke, but pasty, are dissolved in benzene as a black varnish 
for iron, or are used as an adhesive in the manufacture of briquettes from coal-dust, or 
as a fuel. 

According to Ger. Pats. 161,924 and 161,925, it is proposed to treat crude mineral 
oils with a saturated solution of spdium chloride and carbonate, to blow air in for some 
time, and finally to distil in presence of an oxide of manganese. 

To render mineral oils inodorous, or nearly so, they are treated in the hot with formalde- 
hyde, and, after addition of alkali or acid to the mass, a current of steam is passed through 
(Ger. Pat. 147,163). According to Ger. Pat. 153,585, the 20 per cent, of crude mineral 

011 is distilled with superheated steam at 180° in presence of 1 per cent, of aqueous lead 
acetate solution. The distillate is free from sulphur and forms a lighting or gas-engine 
oil ; the residue, after filtration, forms a denser and almost odourless lubricating oil. In 
some cases petroleum is deodorised by agitating with chloride of lime and a small quantity 
of hydrochloric acid, decanting it, shaking with lime to fix the chlorine, and sometimes 
adding a little amyl acetate or essence of fennel; treatment with soda lye is also resorted 
to, and, better still, both for mineral oils and petroleums, with sodium peroxide. 

Latterly, mineral oils soluble in water have acquired importance for lubricating 
machinery, for greasing textile fibres to be combed, and for w’atering the streets to 
prevent dust. They are prepared by the Boleg process (Ger. Pats. 122,451, 129,480, 
148,168, 155,288) : the mineral oil is heated in a closed vessel, fitted with a condenser, 
at a temperature of 60° to 70° or above by means of indirect steam; at the same time 
finely divided compressed air, after addition of a little caustic soda solution, is injected ; 
a small quantity of resin soap or a sulphoricinate is subsequently introduced, the air- 
current being continued meanwhile, and finally the whole mass is heated under pressure 
in an autoclave. 

Emulsions of mineral oils mth water are obtained by addition of pyridine or quinoline 
bases or amino-acids. 

To obtain from dark mineral oils less coloured oils, and in some cases oils as colourless 
as water (e. g., vaseline oils), the oil is passed slowly at 30° to 50° through a series of tall, 
communicating cylinders, sometimes kept hot by means of steam jackets (batteries of 
tubes arranged in a system similar to the diffusors used for extracting sugar from beets : 
see chapter on Sugar), and charged with layers of decolorising clay separated by perforated 
discs or gauze to prevent, the mass from becoming too compact and thus hindering the 
permeation of the oil. These clays are found more especially in North America, but occur 
also in Great Britain and, in inferior quality, in other countries ; they are similar to fuller’s 
earth, but the best is Florida earth, consisting of aluminium arid magnesium hydrosilicates 
{see Vol. I., p. 738), previously subjected to slight roasting. The mineral oil remaining 
in the filters is recovered by displacing it by heavy tar oil (very cheap) and displacing 
the latter with water. 

The exhausted fuller’s earth may be regenerated by extracting the oil it contains by 
means of benzine ; the latter is recovered by distillation, and that remaining in the earth 
by a current of steam. After this treatment the fuller’s earth is heated in a revolving. 
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cylindrical metal cylinder (like that used for cement; see Vol. I., p. 760), cooling being 
effected in a lower, revolving cylinder sprayed with water. With each repetition of this 
treatment, the earth loses in decolorising power. 

JDecolorisation is also effected by bone-black or, best of all, by residues from the 
manufacture of potassium ferrocyanide, which exhibit very great decolorising power 
(50 per cent, more than American clay) ; owing, however, to the new methods of manu- 
factuiing ferrocyanide, these residues are becoming scarcer and more expensive (they 
contain 30 to 40 per cent, of animal charcoal, considerable quantities of silica and silicates, 
and a little ferric oxide). The darker mineral oils are partly decolorised with sulphuric 
acid, sometimes together with dichromate.^ In the case of certain dark mineral oils, 
repeated filtration through fuller’s earth is replaced by purification with sulphuric acid 
and soda, but this occasions greater losses. 

Carts are often greased with the so-called consistent fats obtained by mixing 15 to 23 
per cent, of calcium soaps and mineral oils with 1 to 4 per cent, of water (if there is no 
water the mass remains liquid, and if there is not a little free fatty acid emulsification 
ceases after a time and the calcium soap separates). 

REQUIREMENTS IN AND ANALYSIS OF LUBRICATING OILS. Lubricating 
oils serve to diminish the friction between metal surfaces in motion ; by adhering strongly, 
although in very thin layers, to these surfaces they prevent contact between them and 
hence friction and heating, without sensible increase of the resistance owing to the internal 
friction of the oil. Lubrication is due partly to chemical phenomena (formation of metallic 
soaps) but more especially to physical phenomena not well understood. 

Liquids which moisten surfaces (unhke mercury) exhibit great adhesive or capillary 
force and penetrate into the finest cracks. This capillary force (external friction) for 
thin layers of oil increases with diminution of the radius of curvature, and is sufficiently 
great to prevent direct contact of two surfaces between which the liquid is interposed, no 
matter how great the pressme. Thus, the resistance between the bearing and the revolving 
shaft it supports depends almost exclusively on the internal friction of the lubricating oil, 
i. e., on the viscosity of the oil.^ Of two oils with equal viscosities, the preference is naturally 


^ For the thorough dccolorisation of vaseline oil the following operations are carried out : 
(1) Drying or dehydration; (2) treatment with 10 to 15 per cent, of fuming sulphuric acid and 



separation of the tarry matters formed; (3) neutralisation with caustic soda solution (10° to 
12 Be.); (4) separation of the alkali and washing with water; (5) clarification with 4 to 5 per 
cent, of pure 50 per cent, alcohol and removal of the milky layer deposited; (6) bleachin^r with 
dry fuller’s earth and subsequent filtration. - ° 

For lubricating oils it is important to determine the viscosity (due especially to polynaph- 
thenes), and this is usually effected by means of the Engler viscometer (Figs. 99 and 100), formed 
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given to the one containing the smaller proportion of substances liable to undergo change 
(asphalte, resin, soaps, etc.). Even the best lubricating oils, when in use, are subject to 
more or less marked alteration (oxidation, pulverisation, emulsification, etc.), which is 
evident especially in ring lubrication or in the lubrication of turbines, where the oil is 
changed at infrequent intervals; in such cases, oils of the iiighest quahty should be used, 
as replacement is expensive (some oil-boxes contain 100 to 200 kilos of oil). More rapid 
is the alteration of lubricants used for engines or steam-cylinders, where the temperature 
is 150° to 200° or even 250°, part of the oil undergoing decomposition with separation 
of small particles of coke and asphalte. In these cases it is important to determine the 
fidsh-point of the oil ^ (so that danger of ignition of the oil may be avoided); use may also 
be made of the formolite reaction and of the reaction wdth fuming acid {see p. 71). 
In. general, where there is much pressure the viscous oils are suitable, and in other 
places liquid oils, although in practice mixtures of these two kinds are advantageously 
employed. Oil for lubricating steam cylinders at high temperatures should bo resistant 
to great heat and to the mechanical and chemical action of steam, and should not give 
inflammable products at a low^er temperature than 220°, or 300° where superheated steam 
is employed ; it should possess great adhesive power and \dscosity and should not contain 


of a brass vessel, ..4 (sometimes gilt inside), provided with a cover, through which passes the 
thermometer, t‘, at the bottom of the vessel is a platinum tube, a, 20 mm. long and of such 



Fig. 101. 



dimensions that it allow's of the efflux of 200 c.c. of distilled water at 20° in 52 to 54 secs. ; the 
aperture can be closed from above by the hard wooden peg, 6. The vessel, A, is contained in a 
larger one, B, and the space between the two is tilled with water maintained constantly at the 
desired temperature by means of the ring-burner, d, and the thermometer, q. The dimensions 
of the apparatus are exactly defined and are shown in millimetres in the figure. The mineral 
oil is introduced into A (clean and dry) up to the level indicated by the three points (about 
240 C.C.). "ViTien the temperature of the oil in A has the desired constant \wliie, the flask G is 
placed under the efflux tube and the peg rapidly removed, the exact number of second.s taken to 
fill the flask to the 200 c.c. mark being determined by a chronometer. The time required, in 
seconds, divided by the corresponding number of seconds for water at the same temperature 
gives directly the degree of viscosity. 

^ The flash-point is determined by the Pensky-Marten.s apparatus (Figs. 101 and 102), "which 
is analogous to the Abel apparatus (p. 84), but without the water- hath, being furnished instead 
with a stiiTer with vanes, %, moved by twisting the metal cord, h', between the fingers ; it works 
similarly to the Abel apparatus, and the small flame, E, applied automatically, is fed by a small 
gas tube, H, and is relighted, every time it is extinguished, by another flame by its side. The 
thermometer, is graduated from 80° to 320°, and the heating is efiected by the triple gas- 
burner, g, so that the temperature rises 5° per minute ; observations are made by releasing the 
spring, at first for every 2° and later for every 1° rise of temperature. 
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resinous or tarry residues. No oil resists the action of steam at above 350°. The good 
quahties, which are more or less dark, are transparent in the liquid state. The selection 
for steam cylinders of oils viscous at ordinary temperatures is unimportant, as they become 
as liquid as water when hot ; this is seen from a comparison of the following two mineral 
oils, the numbers giving the viscosity in seconds required for the passage of 200 c.c. of oil 
through the Engler viscometer {see above). 

at 70® at 100® at 150“ at 170 

Viscosity of sample I 270 116 74 67 

II 835 226 93 73 


The Bussian engine oils are more viscous than the American, but the American cylinder 
oils are more viscous than the Russian. American oils with sp. gr. 0*908 to 0*920 and 
0-844 to 0*899 have viscosities almost the same as those of the Russian oils with sp. gr. 
0*893 to 0*900 and 0*900 to 0-923 respectively. 

The specific gravities of certain American and Russian oils are as follows : 


Axle oil 
Pale engine oil 
Dark engine oil 
Cylinder oil 


0*908-0*911 

0*920 

0*884 

0-886-0*899 


Russian 

0*893-0*895 

0*903-0*905 

0*900-0*920 

0*911-0*923 


At the foot of the page is given a summary of the criteria laid down by Holde for 
various lubricating oils of good quality and the requirements to be answered by those 
supplied to the Italian railways.^ In Russia special oils of more than thirty difierent types 
are now prepared. ^ 


1 (1) Oils for spinning spindles. Clear liquids, viscosity {see Engler viscometer), 5 to 12 at 
20°, inflammability (in the Martens-Pensky apparatus}, 160° to 200°. (2) Oils for ice-machines 
or compressors. Very fluid ; viscosity, 5 to 7 at 20° ; freezing-point below — 20° ; inflammability, 
140° to 180°. (3) Oils for light engities and transmission, motors, dynamos. Medium fluidity, 
viscosity, 13 to 25 at 20° j inflammability, 160° to 210°. (4) Oils for heavy engines and trans- 
mission. Dense; viscosity, 25 to 45 to 60 at 20°; inflammability, 160° to 210°. (5) Dark 

oils for locomotives and railway carriages. Viscosity, 45 to 60 (summer), 25 to 45 (winter) ; inflam- 
mability above 140°; freezing-point, — 5° (summer), — 15° (winter). (6) Oils for steam cylinders. 
Very dense or buttery ; viscosity, 23 to 46 at 50°; inflammability, 220° to 315°. Por these 
buttery oils, the dropping -point is determined by the XJhbdohde apparatus (p. 6). (7) Oils for 

explosion engines (motor-cars, etc.) are somewhat difierent from those for steam cylinders, since 
the gases igniting and exploding in the cylinder of an internal combustion engine generate very 
high temperatures (1200° to 1400°), and these, added to the rapid motion of the piston, result 
in the combustion of part of the lubricating oil, which passes into the exhaust gases. Such 
combustion is the more incomplete (and hence gives strong-smelling products instead of 
inodorous CO^ and H^O), the higher the proportion of dense, high -boiling point products present 
in this fraction of the lubricant. Consequently oils for this purpose should not be too dense 
or of too high a flash-point. The combustion of these compounds is the more complete, the less 
the proportion of carbon they contain and hence the less oxygen they require for their combustion, 
since almost all the air drawn in by the engine is necessary for the complete combustion or 
explosion of the combustible mixture working the engine and insufficient oxygen to bum com- 
pletely the part of the lubricant referred to results in the separation of carbonaceous substances 
which foul the cylinder and cause it to work irregularly, while the exhaust gases assume a bluish 
colour and an unpleasant odour. The addition of vegetable and animal fatty oils also pro- 
duces these inconveniences. E. Schwarz and H. Schliiter (1911) found that, if the lubricating 
oil is shaken with acetone, the latter dissolves and removes mostly the denser products of high 
boiling-point, whilst the insoluble portion is more fluid, and usually forms an oil which bums 
completely in internal combustion engines without carbonising or giving a disagreeable smell. 
In general good oils for this purpose are pale and have a viscosity of 6 to 13 at 50° (or 25 to 65 
at 20°); they contain little paraffin wax, so that they do not freeze readily in winter and thus 
do not obstruct the feed-pipes. 

The authorities of the Italian railways demand Russian oils, since these freeze only below 
— 10°, whilst the American ones solidify at 0°; they mu^t not contain water, that is, they must 
not froth if heated to 129° ; they must give no deposit even after standing for forty -eight hours ; 
the viscosity must be at least eight times that of water; they should be perfectly neutral and 
should not contain shale oil, resin oil, animal or vegetable oil, or tar oil, as these lower the quality ; 
they should not have the slightest “ drying ” properties in the air (smeared on glass), or have a 
density below 0*91 or a flash-point below 150° to 180°; they must not contain more than 10 per 
cent, of light oils distilling below 310°; when shaken with water, the oil should separate 
immediately without the water remaining whitish. 

With mineral oils for automobiles it is important to test for resin oils, the procedure being as 
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Mineral oils are also used in special engines to utilise their high calorific value (10,500 
to 11,700 cals.). Scherman and Kropf (1908) found that the calorific power of mineral 
oils and, to some extent, that of petroleums is inversely proportional to their specific 
gravity. Mineral oils are often used as insulators in electric motors. 

The origin and properties of certain mineral oils are often related to their content of 
paraffin wax, the determination of wffiich is effected as described above. 

The acidity is determined by titrating 50 e.c. of the 100 c.c. of 50 per cent, alcohol 
(neutralised) shaken up with 10 grams of the mineral oil; expressed as SO., it should be 
below 0-01 per cent. 

It is sometimes useful to know if certain more or less dark mineral oils are true refined 
products obtained by the distillation of petroleum residues (masut, etc.), or if they are 
merely the crude residues themselves diluted with more or less mineral oil. Charitschkofif 
(1907) found that the rise of temperature on mixing with concentrated sulphuric acid 
{Maumene number : see also chapter on Fats) in a Beckmann apparatus {see Molecular 
Weights, Vol. I.) is 2*2 to 3-5° for all distilled products (lamp oil and various lubricating 
oils) and 4 to 8'5° for all non-distfilcd products (crude naphtha, masut, etc.). In certain 
cases the formolite reaction and that with nitric acid {see pp. 71, 91) give reliable 
indications. 

STATISTICS. In all countries the consumption of mineral oils is continually 
increasing. 

The United States produced 11,000,000 barrels of mineral oils in 1909 and exported 
5,000,000 barrels in 1910 and 5,600,000 in 1911. 

France imported 144,600 tons of mineral oils in 1913, 101,170 in 1914, 106,610 in 1915, 
and 170,014 in 1916, and exported 7937 tons in 1913, 6579 in 1914, and 4665 in 1915, 

Germany imported 216,987 tons in 1909, 236,516 in 1910, and 260,242 in 1911, and 
produced 85,850 tons in 1910, and 93,889 tons (£680,000) in 1911. Before the war the 
price was £8 to £12 per ton, during the war it rose to £160, and the Bavarian I’ailways 
lubricated their wagons with coal-tar oils suitably prepared. 

In 1909 the Argentine imported mineral oils to the value of £500,000, while the imports 
into Brazil were valued at £280,000 in the same year. 

The imports into Italy were : 29,250 tons in 1905, 40,467 in 1908, 49,181 in 1910, 60,311 
in 1912, 58,098 in 1913, 60,874 in 1914, 80,020 in 1915, 67,699 in 1916, and 75,764 in 1919. 

{B) VASELINE (or mineral fat). This was prepared for the first time by 
Cheeseborough in 1871 and forms a white, buttery mass constituted almost 
exclusively of various high, saturated hydrocarbons. 

It is prepared, especially in America, by heating certain pale, crude, Penn- 
sylvanian petroleums by direct fire in open boilers, and passing into the 
mass a current of hot air until the desired consistency^ or sp. gr. (0’S6 to 
0*87) is reached. The mass is then decolorised by passing it, while still hot, 
repeatedly through animal charcoal or other decolorising agents (see p. 89). 

It is also prepared from the residues of Galician and German petroleum by 
diluting them with benzine and repeatedly refining with concentrated sulphuric 
acid. It melts at 33° to 40°. 

Artificial vaselines are also placed on the market, these being obtained by dissolving 
paraffin wax or cerasin {see later) in paraffin oil ; they may be distinguished from the natural 
vaselines, the latter being sticky and ropy and the former not. At 60“ the viscosity 
(Engler) of the natural vaselines is 4*5 to 7*5, and that of the artificial ones little more than 
1 ; the latter contain 11 to 35 per cent, and the natural vaselines 63 to 80 per cent, of 
paraffin wax, insoluble in 98 per cent, alcohol at 0°. The natural vaseline after solution 
in ether and precipitation with alcohol forms a sticky mass and the liquid remains turbid ; ‘ 
the artificial variety, on the other hand, is precipitated in flocks and the liquid is left clear. 

Gelatinised vaseline oil, also prepared nowadays, is transparent and does not deposit 
paraffin wax, even if added in considerable quantity; it is obtained by heating vaseline 

follows : 5 grams of the oil are heated with 25 grams of 60 per cent, alcohol to 40° to 50° on a 
water-bath, the mixture being well shaken until it emulsifies, allowed to cool and filtered. The 
alcohol is driven ofl from the filtrate on_^a water-bath and the cold residue treated, drop by drop, 
with 2 to 3 c.c. of dimethyl sulphate : if resin oil is present, a red coloration is produced. 
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oil (sometimes with a little sulphuric acid) at about 200° and adding, at a certain moment, 
a small quantity of soap. 

For the decolorisatioii of vaseline and vaseline oil see above. 


Vaseline is used in pharmacy for the preparation of nngiient medicines, 
also for the preparation of lubricants, and, in large quantities, for coating 
metallic articles to preserve them from rusting and oxidation ; it is also used 
in the manufacture of smokeless powder. 


Italy imported the follovdng amounts of vaseline : 


Natural vaseline 
Artificial vaseline 


lOOS 

1910 

1912 

1913 

1914 

1915 

191G 

1917 

1918 

Tons 34-8 

21-7 

42-3 

45-2 

33 

99 

106-9 

327-6 

189-5 

Value, £ 2088 

— 

2538 

— 

1848 

__ 

6842 

— 

26520 

Tons 75-7 

88-1 

81-6 

64-2 

51-2 

16-6 

181-1 

43-4 

151-7 

Value, £ 2483 

___ 

2546 

— 

1638 

— 

7968 


18200 


In 1910 Germany produced 5292 tons of vaseline of the value £36,000. 
France imported 173 tons in 1913, 73 in 1914, 935 in 1915, and 828 in 1916, 
and exported 107 tons in 1913 and 156 in 1916. 

{C) PARAFFIN WAX. This was first found in petroleum by Fuchs in 
1809, and Reichenbach obtained it from wood-tar in 1830, and showed its 
great importance as an illuminant. 

Hard paraffin wax melts at 54° to 60°, has sp. gr. 0*898 to 0*915, and forms 
a white, translucent mass used for the manufacture of paraffin candles ; it is 
soluble in ether (1*95 per cent.), petroleum benzine (11*7 per cent.), carbon 
disulphide (13 per cent.), turpentine (6 per cent.), toluene (3*9 per cent.), 
chloroform (2*4 per cent.) or benzene (2 per cent.), and to slight extents in alcohol 
(0*22 per cent.), acetic acid (0*06 per cent.), acetone (0*26 per cent.), or acetic 
anhydride (0*025 per cent.). By fractional distillation of paraffin wax in a 
vacuum Mabery (1912) isolated tricosane {see Table, p. 32), tetracosane, 
pentacosane, hexacosane, octocosane, and nonocosane (ra.-pt. 62° to 63°). 

8ojt paraffin wax with m.-pt. 42° to 48° and sp. gr. 0*88 to 0*89 is used as 
an adjunct in wax and stearine candles, to impregnate wooden matches, in 
dressing textiles, and as a preventive of frothing during the concentration 
of saccharine juices {see Sugar) ; it serves also as an insulator of electrical 
conductors and as a cold bath in the manufacture of hardened glass. 

Most of the paraffin wax and paraffin wax oil is obtained from ozokerite 
{see later), the tar distilled from the bituminous lignites of Saxony and Thuringia 
{pyropissite) and from the bituminous shales of Scotland and Australia, and 
also from boghead coal and from the residues of American and Austrian 
petroleum.^ 


I. PARAFFIN WAX FROM PETROLEUM RESIDUES. For this purpose an 
apparatus consisting of three vertical concentric cylinders is used ; in the inner and outer 
-ones circulates a non-solidif^dng brine, which has a temperature of — 20° and serves to 
separate the paraffin wax from the mineral oil in the middle cylinder {see also p. 78). 
According to Tannc and Oberlander,Ger.Pats. 226,136 and 227,334, paraffin wax is obtained 
from petroleum and tar residues by dissolving them in hot benzine and glacial acetic acid ; 
on cooling, the solutions deposit paraffin wax, cerasin, or ozokerite; see also Process of 
Miss Az). To free the flakes of paraffin wax from the adhering oil the cold mass is pressed 
in filter-presses (up to 15 atmos. ) and the cakes thus formed are finally squeezed in hydraulic 
presses, as is done in the case of stearine {see this) ; the blocks of wax are then spread out 
in a warm chamber, where the last traces of coloured oils flow away. In the Weiser process 
the hydraulie presses are replaced advantageously by filtering tubes wound round with 

^ There is also at Messel, near Darmstadt, a special layer of very soft and moist bituminous 
coal, consisting of clay and lignite, its bitumen, like that of the shales, being insoluble in the 
oylinary solvents. This coal contains 45 per cent, of water and 30 per cent, of ash, and on 
distillation yields 6 to 7 per cent, of tar and 6 per cent, of gas {see p. 103). 
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linen; the paraffin from the filter-press is broken up and forced into these tubes, 
being afterwards remoTcd by steam and sent to the sweating chamber. The sweated oils 
are refined to prepare lubricating mineral oils {see p. 76). 

The sweated paraffin wax is refined by means of sulplimic acid and decolorising agents, 
in the same way as cerasin is refined. If the petroleum oils are distilled in a vacuum, 
mineral oils are obtained which give a greater jield of paraffin wax. According to Tanne 
and Oberlander (Ger. Pat. 2.38,489, 1911), treatment of mineral oil residues or lignite tars 
with 10 to 20 per cent, of carbon tetrachloride readily gives paraffin wax or cerasin in 
good yields. 

II. PARAFFIN WAX FROM LIGNITE TAR AND FROM PYROPISSITE. This 
special lignite, pyropissite^ now almost exhausted, is obtained from deposits of oily and 
resinous wmods which, according to Potome and Heinhold, underwent fossilisation during 
the tertiary epoch. It is extracted moist (up to 55 per cent, of water) from the mines in 
Saxony and Thuringia, especially in the neighbourhood of Halle a/S., where the deposits 
are 35 to 40 metres below the surface and have a thickness of 2 to 5 metres over an area 
of about a square kilometre. It forms a blackish-bro-wm, more or less plastic mass, greasy 
to the touch, and when dry is yeUowish-brown, friable and easy to bum ; its sp. gr. is 
0-9 to M. In the dry state it gives up to alcohol 20 per cent, of its weight of a substance, 
m.-pt. 75° to 86°, giving paraffin oil on distillation.^ The rational industrial distillation 
of these more or less fatty lignites or of the corresponding bitumens was commenced in 
Saxony and Thuringia after 1858 by 0. A. Riebeck (after unsuccessful attempts to carry 
out the distillation in the usual way, no matter what the 15^)6 of the lignite) and improved 
later by Wernecke. 

The distillation of the broken lignite is carried out in large vertical refractory (chamotte) 
retorts, 8 metres high and 2 metres wide, placed in a suitable furnace so that the external 
walls are heated by rational circulation of the hot gases. Inside the retort are arranged 
conical, cast-iron rings superposed one on the other vith a certain distance between, their 
diameter being 12 to 20 cm. less than that of the retort {see Figure of a similar apparatus 
used for the distillation of sawdust : chapter on Acetic Acid). The lignite,^ with not 

1 E. Erdmann gives the following results of analysis and distillation, referred to 100 parts 
of dry matter (the moisture is 33 to 35 per cent. ) : 

OH OS (volatile) Asli Tar Toto Gas 

Pyropissito . . 71T2 11-63 9-43 0-10 7-72 C5 - 20 15 

Bituminous lignite . 64-83 7-62 19-18 0-48 7-89 38 42 20 

The sulphur content of bituminous lignites never exceeds 2 per cent. 

The distillation products of these lignites consist, to the extent of 40 to 50 per cent., of slightly 
alkaline water (2° to 3° Be. with 0-03 to 0-07 per cent. NHA ^om which it does not pay to 
recover the ammonia, and which are used only for the direct irrigation of the soil adjacent to the 
works ; they sometimes form a troublesome waste product, which must be treated and filtered 
before running into rivers, or they may be poured on to the ash-heap. 

One ton of bituminous lignite yields 130 to 140 eu. metres of gas containing : ^ 10 to 20 per 
cent, of COo, 0-13 per cent, of 0, 1 to 2 per cent, of heavy hydrocarbons, 5 to 15 per cent, of 
CO, 10 to 25 per cent, of CHi, 10 to 30 per cent, of H, 10 to 30 per cent, of N, and 1 to 3 per 
cent, of H 2 S. The gas has a calorific value of more than 3000 cals, per cubic metre and, after 
removal of the H 2 S, serves for use in gas-engines, 1 to 1-5 cu. metros being consumed per H.P.- 
hour (one retort deals vith about 3 tons of the lignite in twenty -four hours, producing about 
400 cu. metres of gas). The gas is freed from ammonia by washing vith water. 

After quenching, the coke remaining from the distillation contains about 20 per cent, of water 
and volatile products, 20 per cent, of ash, and 60 per cent, of carbon. I\Tien dr^-, its calorific 
value is about 6000 cals, and, with many works, the profits are made by the sale of the coke. 

2 [Now that the deposits of pyropissite are almost exhausted and the paraffin wax industry 
of Saxony and Thuringia has boon subjected to the competition, finst, of ozokerite (after 1870), 
and then (after 1880) to the more serious one of the American paraffin wax extracted from Ohio 
petroleums— which has invaded all the markets of the world— it has been recently discovered 
that when pyropissite is distilled a great part of the paraffin wax is destroyed, much better 
yields being obtained by extracting direct with suitable solvents (benzine,^ toluene, alcohol, 
carbon disulphide, carbon tetrachloride, acetone, etc.), -w-hich, after evaporation, leave a waxy 
mass ; when this is purified with fuming sulphuric acid, it yields an almost white product of 
great value — montan, wax (Bergwachs), similar to cerasin (mineral wax). The remedy for 
the paraffin wax crisis of Saxony and Thuringia has arrived too late, since the valuable wax 
has been squandered by distillation. Other layers of lignite from the region of Halle a /o. are 
being worked to-day, and these are extracted in the hot with benzine; the solution of bitumen 
extracted is first purified by thorough cooling, the paraffins being thus separated while the resins 
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less than 30 per cent, and not more than 60 per cent, of water, is charged in lumps at the 
top and descends gradually in the free amiular space between the walls of the retort and 
the edges of the rings. When it reaches the bottom it consists of nothing but coke, which 
is discharged occasionally, fresh lignite being introduced at the top; the gaseous pro- 
ducts are evolved at 140° to 150° by a large tube at the top, and the liquid products (tar) 
flow down the walls of the rings and are collected by a lower tube. The retorts are 
maintained at a dull red heat. 

Prom a cone at the bottom the coke is discharged every hour at a temperature of 400° 
and is quenched with water. The vapours emitted are drawn off and gradually condensed 
in apparatus consisting of superposed iron tubes with a cooling surface of 80 to 100 square 
metres enclosed in a casing. The gases which do not condense are led under the hearth 
to heat the furnace, fuel being thus saved ; formerly 5 to 6 tons of inferior coal were used 
per 10 tons of hgnite distilled, but later only 1 to 1-2 tons were necessary, less labour being 
required (one workman per twenty furnaces) and the yield per furnace being increased (by 
more than 25 per cent. ). The gases passing from the hearth round the furnace and retorts • 
have a temperature of 500° to 700°.^ Batteries of 10 to 12 retorts for each condensation 
unit are employed. In each furnace 3-5 to 4 tons of hgnite in pieces the size of walnuts 
are distilled in twenty-four hours. The lignites now distilled give only 4 to 8 per cent, of tar. 

Lignite tar is brownish yellow to black in colour, has a pecuhar odour, and liquefies 
between 25° and 30°, giving a greenish fluorescence. Its specific gravity is 0-850 to 0-910 
at 44°. It has an alkahne reaction (from ammonia, ethylamine, etc. ) and contains about 
20 to 25 per cent, of paraffin wax ^ ; it distils between 80° and 400°, the bulk between 250° 
and 350°, and has an unpleasant odour, sometimes of hydrogen sulphide. The best 
lignites give the less dense tars. According to the nature of the tar (which is previously 
washed with acid and water the paraffin wax is obtained from it in the following ways 
{see also Part III, Distillation of Tar) : 


(these are recovered by evaporation of the solvent; they melt at 50° to 60° and form 15 to 25 
per cent, of the crude bitumen ) remain in solution. The bitumen separated in the cold is redis- 
solved in benzine and treated with concentrated sulphuric acid, the mass being kept mixed 
and slowly heated to boiling. Animal charcoal is added and the liquid filtered, passed over 
fuller’s earth {see p. 89), and neutralised by passing in a little gaseous ammonia. After distil- 
lation of the solvent there remains a yellowish or almost white paraffin wax melting at 82° to 
85° (Ger. Pat. 216,281, 1907). _ 

^ Por every quality of lignite and every type of furnace preliminary trials should be made 
to ascertain the most suitable temperature for obtaining the proper decomposition of the bitumen 
so as to form a tar poor in benzene and its homologues, naphthalene, etc. (produced by an exces- 
sively high temperature, although absence of these substances indicates too low a distillation 
temperature, the high condensed products of the methane series then containing unaltered 
bitumen and the gases some proportion of ethylene and acetylene; when the temperature is 
too high, the gases contain hydrogen and light hydrocarbons). Distillation in steam affords no 
advantage, since much unchanged bitumen then occurs with the tar and no ammoniacal liquor 
is then obtained; such liquor is, however, formed in abundance when Scotch shales are 
steam -distilled. 

2 In these lignite tars and bitumens Kramer and Spiller (1902) found an ester and the corre- 
sponding monobasic acid, but no glycerides or polybasic acids. Hiibncr (1908) found two 
ketones, CioHgaO and C 12 H 21 O, and a humic acid containing 8-39 per cent, of sulphur, although 
other investigators found only 5 per cent, and 1-7 per cent, of sulphur. 

3 The purification of lignite tars and their distillation products is efiected by means of acid 
and alkali. In the first treatment with acid, use is made of 0-25 to 0-5 per cent, of sulphuric 
acid of 50° Be., which removes traces of water and part of the basic products (pyridine). The 
second treatment with 3 to 5 per cent, of sulphuric acid of 66° Be. (in two portions) serves for 
the removal of all the residual basic products and part of the unsaturated hydrocarbons, which 
otherwise would undergo oxidation and resinification, and would impart a dark colour to the oils ; 
the sulphuric acid also causes slight oxidation (rendered evident by the marked odour of SOg ) 
as well as polymerisation and substitution. The action of the acid takes place in the cold, 
except with the^ tar itself and with the crude paraffin wax, which require heat. The pitch and 
resin formed on treatment with sulphuric acid are insoluble and are deposited on the walls of 
the vessel.^ After a rest of three hours, the acid is separated by decantation and the residue 
washed twice with water (perhaps with a little added 'calcium hydroxide) to eliminate the last 
traces of acid, and then treated with 4 to 6 per cent, of pure caustic soda solution (38° to 40° Be. ). 
Treatment with alkali is applied, not to the tar itself, but only to its distillation products, a 
small amount of the alkali (or recovered alkali solution) being first used and then the bulk of 
the alkali ; the so-called creosotes (which consist of phenol and its homologues and impart a bad 
colour and smell to the oil) are thus removed — ^after a stand of three hours. The alkali treat- 
ment should not precede that with acid, since there are products soluble in both alkali and acid 
and it is more economical to eliminate the bulk of these by means of sulphuric acid and those 
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(1) To tlie lignite bitumen or tar to be distilled, 0*2 to 0-5 per cent, of slaked lime or 
of solid caustic soda is added to fix the hydrogen sulphide and part of the creosote. The 
distillation is continued until only a solid residue of coke remains. With 2-5 tons of tar 
the distillation occupies about ten hours, about 0-6 ton of small coal and 0-05 ton of lignite 
being consumed. One workman suffices to control the distillation in ten stills and another 
to supervise the condensation plant. It is possible also to distil in a vacuum, the degree 
of evacuation being low at the beginning. Sometimes distillation at ordinary pressure in 
a slow current of steam (maybe superheated) is preferred. Use is nowadays made of 
Wernecke’s continuous apparatus {see Part III ; chapter on Tar). When the price of 
paraffin oils is too low, light illuminating oils, etc. [see note, pp. 75, 76 : Benzine from 
Naphtha) may be obtained by distilling them under pressure. 

With very dense tars, in order to separate the creosote and certain resinous substances 
more efficiently, vacuum distillation in large direct-fired boilers is resorted to. This 
yields 25 to 50 per cent, of fatty oils, 50 to 65 per cent, of crude paraffin wax, and 7 to 9 
per cent, of coke, which is burnt, together with the gases from the distillation, to heat the 
boilers. The mass of crude paraffin wax is purified with acid and alkali, or with acid and 
subsequent distillation. The more solid part is then separated from the oily part by 
cooling the mass in vessels holding 100 to 200 kilos, around wffiieh circulates a very cold 
solution (the non-solidif\ing liquids used for ice- machines, see Uol. I., pp. 261, 621 ). When 
the oily or buttery part (which is distilled for the extraction of solar oil and second-grade 
paraffin) is separated by filtration from the crystallised paraffin w'ax, the cakes of the 
latter are pressed in hydraulic presses at 150 atmos. to remove the 20 per cent, of oil still 
contained in them. The solid cakes wdiicli remain are yellowish in colour, and are purified 
by melting them several times with 10 to 15 per cent, of benzine and pressing them at 200 
atmos. in a hydraulic press. To get rid of the smell of benzine the paraffin wax is heated 
in iron cylinders with high-pressure steam, the hot w'ax being then passed through the 
decolorising material [animal charcoal, ferrocyanide residues, or magnesium hydrosilicate 
clay {see p. 89)]. The small quantity of this material retained by the paraffin wax is 
finally removed by filtration through paper, the wax being tlien allow'ed to solidify in large * 
shallow moulds. 

Miss Az has recently suggested the purification of crude paraffin wax by treating it 
either fused or as powder, between 60° and 70°, with a solvent (methyl or ethyl alcohol, 
acetone, or acetic acid or anhydride). The paraffin wax is insoluble and the impurities 
soluble in these solvents. Paraffin w'ax thus purified appears to be of better quality than 
that purified in the ordinary w'ay {see above : Weiser’s process). 

The tar is sometimes distilled above a certain temperature with superheated steam ; 


remaining, which are less soluble and more easily removable, by means of soda; with this 
procedure less secondary decomposition occurs. 

The acid treatment is carried out in cylindrical wTought-iron tanks with conical bases lined 
with pure lead 4 mm. thick, the mass being stirred for about half-an-hour by a stream of air. 

Tars free from bitumen are best treated with 0-25 per cent, of sulphuric acid of 50° Be., 
then with 3 to 4 per cent, of acid of C6° Be., and finally with hot w^ater containing a little jnilk 
of lime, formation of emulsions being avoided by thorough agitation. Distillation of the tar 
then gives paler products, a higher yield of paraffin wax and less loss of gas, etc. If the tar 
contains bitumen, or if vacuum distillation is employed, such preliminary treatment with 
sulphuric acid is inadvisable. ' 

The blue fluorescence shown by some of these distillation oils is removed by shaking them 
with 0-25 to 0*5 per cent, of nitronaphthalenc, which separates on standing and is then 
decanted ofl. 

The waste Uach acids may be used for making fertilisers (superphosphates, etc), while the 
acid resins and pitches may be redistilled to the extent of tw'o-thirds, the remaining one-third 
serving as tar (goudron) or, if denser, as asphalte. Sometimes, however, these resins and pitches 
are mixed with alkali creosotes, the water (which contains sodium sulphate) being removed and 
the resin distilled, while in some cases they are pulverised by means of steam and burnt under 
the boilers (calorific power, 8000 cals.). The alkali creosote may also be used for impregnating 
pit-props, or crude creosote may be liberated by treatment with dilute sulphuric acid or carbon 
dioxide (flue gases ). Acid pitch may be obtained by diluting the black acid mass with water, 
since it is not soluble in dilute acid. The pitchy and resinous masses wkich separate may be 
distilled again, various products {see later) being obtained. 

Fairly pure concentrated sulphuric acid may be recovered (according to U.S. Pat. 950,276, 
1910) from the black acid by allowing it to fall in a thin stream into a retort containing pure 
sulphuric acid heated to boiling, the acid distilling of! being condensed in the usual way (see 
Vol. I., p. 308). This acid may also be decomposed in the hot to obtain SO, (U.S, Pat. 
956,184, 1910). 

VOL, II. ^ 
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ia other cases only the benzines {photogens) and the light oils are distilled, the residue being 
cooled to a low temperature and the solid paraffin wax which separates centrifugated to 
eliminate the tar and heavy oils. When the tars are very dense (above 0-900) Krey fiirds 
it convenient to distil them under a pressure of about 30 atmos., thus raising the tempera- 
ture to 400° to 450°. This yields 60 per cent, of distilled oil of sp. gr. 0-830, which is largely 
used for the preparation of oil-gas {see p. 64), 10 per cent, of gas, and 30 per cent, of residual 
oily tar. 

(2) With light and very pure tars a greater yield of paraffin wax is obtained more 
cheaply by treating the tar directly with concentrated sulphuric acid, washing with water, 
and subjecting to fractional distillation over calcium hydroxide. Crystallisation, pressing, 
and bleaching are carried out as described above. 

The following scheme shows the different operations, and the final yields in a tar 
distillation (the brackets unite products which are worked up togethei', generally by 
distillation; the ultimate products are shown in italics) : 

Tar 

(sp. gr. O’ 830-0* 890) 


33 % Crude oil 


03 % Grade paraffin wax 


Crude solar oil Red oil Pasty ma.s.s I 


Expressed oil 


10 % paraffin loax I 
(m.-pt. 5t°~G0°) 


Crude solar oil 


Red oil Pasty mass II 


12 % (sp. gr. 0’S60-0-880) 


2 % photogens 10 % solar oil 10 % yellow oil solar oil 
(sp. gr. (sp. gr. (sp. gr. residues 

0-800-0 810) 0-82^0’830) 0*850-860) 


3 % fatty oil % pasty distillate 

(sp.gr. (m.-pt. 30-38°) 

0*880-0*890) 


20 % darle paraffin oil 
(sp. gr. 
0-890-0-920) 


% paraffin wax 
(m.-pt. 42°-48“) 


Photogen is a species of benzine similar to that of petroleum, hut obtained by the 
distillation of wood, lignite, and coal ; it is used in the purification of paraffin wax, in the 
carhuretting of lighting gas, and for removing spots from fabrics. Yellow oil is used for 
the extraction of fats and for cleaning; red oil (sp. gr. 0-860 to 0-880) has' various uses, 
and serves well for the manufacture of oil-gas {see p. 64); the fatty oils and dark paraffin 
oils (0*880 to 0-925) are used as oil for gas ^ and for making cart-grease ; the yellow and red 
oils (0-880 to 0-900) are used as thinner lubricants. 

1 Oils for Gas. From the time when gasworks began to mix gas obtained by the carbonisa- 
tion of bituminous coal with carburetted water-gas and with oil-gas (in 1905 Germany produced 
30,000,000 cu. metres, England 500,000,000 cn. metres, and the 'Uiiited States 1,550,000,000 
cii. metres of carburetted water-gas), the use of mineral oils for carhuretting the water-gas and 
for producing oil-gas has increased considerably. These oils for gasifying are obtained partly 
by the distillation of lignite and shale tars {see above and p. 102), but more especially by the 
distillation of petroleum residues {solar oil^ intermediate to true petroleum and lubricating oils ). 
The value of these oils increases with the narrowness of the temperature limits within which 
they boil ; these limits are usually 100° apart, and it is of no consequence whether they be 200° 
and 300°, or 250° and 350° ; they should contain less than 25 per cent, of nnsaturated hydrocarbons 
(soluble in concentrated sulphuric acid of sp. gr. 1-83), otherwise they give too much tar and coke 
on gasification; they should contain not more than 30 per cent, of creosote, but a high propor- 
tion of paraffin wax is advantageous. In the United States 600,000 tons were consumed in 1908 ,* 
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The wasliing of tar and of its distillates with alkalies and acids yields resinous masses mth 
varying proportions of creosote oil and distillation of these at different temperatures yields 
goiidron or aspJialte tar, or artificial bitiumnfi which is used in the manufacture of impermeable 

about 220,000 tons were imported into England in 1906, 320,000 in 1909, and 260,000 in 1910; 
about 4153 tons of mineral oil (sp. gr. 0-83 to 0-88) were imported into Germany in 1906, 29,000 
in 1908, and 46,500 in 1910 for the carbu retting of w’ater-gas; Germany itself produces a further 
quantity of about 300,000 tons of oil for gasifying, 13,000 tons being used for producing oil-gas 
on the railways, and 9000 tons for mineral-oil engines. For the carburetting of gas these oils 
should cost less than £4 ICs, per ton. The amount of cart-grease imported into Italy is about 
300 tons per amium, and that exported about 120 tons (£800). 

^ Asphalte, Pitch, and Bitumen. WTien tar from the distillation of wood (or lignite) is heated 
until all the volatile products are eliminated, there remains a black mass which, when cold, 
assumes a glassy consistency and forms pitch, used particularly for caulking ships, for preparing 
shoemakers' thread, and for making cements impermeable to water, etc. 

TVTien coal-tar is completely distilled it leaves a more or less hard black residue — coal-pitch — 
which is used for ordinary asphalting and for making varnishes, lacs, and coal briquettes (see 
Vol. I., p. 459). Fitch is also prepared expressly by prolonged heating of tar in a current of air 
or with sulphuric acid. 

Bitumen {mineral pitch) bears sometimes the unsuitable name, natural asphalte, and forms 
a brittle, blackish brown mass, which, on heating, softens between 100° and 135° ; it has the sp. gr. 
1*10 to 1*20 and the hardness 2. It bums readily, with a very smoky flame, is insoluble in w'ater, 
alkali or acid, slightly soluble in alcohol or ether, and readily soluble in benzene, carbon disulphide, 
and tu:^entine (in which it ceases to he soluble after exposure to light, and is hence used in 
photo-lithography). The best bitumen is found at the surface of the Dead Sea in Palestine, and 
in greater quantities at the Pitch Lake in the island of Trinidad, this having an area of 50 to 60 
hectares (120 to 150 acres) and a depth of 50 metres, and forming a fairly hard mass ; it abounds 
also in Syria, Utah, Venezuela, and Cuba, and at Dax (France). That of Trinidad contains 
40 to 50 per cent, of pure bitumen and 30 per cent, of mineral substances, the remainder con- 
sisting of organic substances and water (about 25 per cent.). It is broken up on the spot by means 
of hatchets into brownish-black lumps permeated with bubbles and is heaped up, the interstices 
then gradually filling. The rights of working belong to the New' Trinidad Lake Company, which 
pays 6s. per ton to the British Government. By means of a telferage line 1 kilometre in length, 
it is carried to the port, where it is roughly refeied by melting at 160° to 170° in open vessels 
heated with steam coils to separate part of the mineral substances, water and volatile matter, 
the product thus obtained containing 56 to 58 per cent, of pure bitumen, having the sp. gr. 
1*40 to 1-43 and softening at 85° to 95°; the portion soluble in petroleum ether bears the name 
peirdlene, and consists of liquid hydrocarbons of the C»H 2»-4 series, whilst the insoluble part 
is known as asphalte and is composed of solid substances, w’hich are partly oxygenated and 
undergo oxidation in the air. Up to the present time this lake, which is partly covered with 
vegetation, has yielded over a million tons of asphalte and its level has been low'ered about 
1*25 metres; now'adays about 250,000 tons of bitumen are extracted from it per annum. 

The amount of change, or efflorescence, which bitumen will undergo under the action of 
air and light may be estimated by determining the proportions of carbenes present, i. e., the 
products insoluble in carbon tetrachloride, but soluble in carbon disulphide. 

Pure bitumen is used for making black sealing -w'ax, black lacs, and varnishes, and also lamp- 
black; the low'er qualities serve for coating w'ooden structures (boats, telegraph poles), for 
cardboard, for roofs, and damp walls, etc. {see later). 

In order to distinguish natural from artificial bitumen, about 1 gram of the substance is heated 
to 200°, cooled, powdered, and treated with 5 c.c. of 80 per cent, alcohol; if the latter turns 
yellow and exliibits fluorescence, artificial bitumen is indicated, whilst if the alcohol remains 
almost colourless, the bitumen is natural. 

By the term asphalte (natural) is meant minerals, porous rocks, and earth containing bitumen. 
Bituminous rocks are slightly porous and the bitumen they contain (10 to 15 per cent.) easily 
flows aw'ay w'hen they are heated in suitable furnaces. Asphaltic rocks, how'ever, are porous 
limestone impregnated with bitumen ( 6 to 12 per cent., or even over 20 per cent.) , which does 
not flow away on heating : they are used for the preparation of asphalte mastic by powdering 
and fusing them homogeneously with a certain quantity of bitumen. This mastic is cooled 
in moulds and is used (Srectly ior paving streets and terraces, either alone or mixed with fine 
sand or gravel. Powdered asphalte may also be used for paving, by spreading it out hot and 
compressing it with heavy cast-iron double rollers heated inside. 

In California, large quantities of artificial asphalte are prepared by prolonged injection of air 
into dark mineral oils (sp. gr. 0*9333 to 0*9859) heated at 650°. Fusion of colophony at 250° 
and addition of sulphur yields an asphalte which is similar to that of Syria and is used in 
photography. 

Natural asphalte occurs abundantly near Neuchatel, in the Department of Ain (France), 
in the neighbourhood of Hanover, and in Italy at Lettonionapello (the product of this locality 
is worked at S. Valentino, near Chicti), and especially at Eagusa and Castelluccio, near Modica 
(in the Sicilian province of Syracuse). These Sicilian asphalte rocks consist of pure, more or 
less hard chalk, impregnated with 7 to 14 per cent, of bitumen, and until 1858 were used solely, 
and to-day are used partly, for the manufacture of building stone. Almost the whole of this 
rock is exported, the exportation amounting to 1782 tons in 1878, 2186 in 1882, 26,587 (£26,587) 
in 1894, 12,140 in 1897, 47,440 in 1899, 55,307 in 1903, 72,746 in 1905, 89,808 (£88,012) in 1908, 
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pasteboard for roofing, in rendering woodwork and masonry (especially in damp houses) 
damp-proof, and also in the manufacture of ultramarine. 

III. Another important source of paraffiyi wax is furnished by the Bituminous Schists, 
which are especially abundant in the Lothians in Scotland (at Broxburn, Bathgate, etc.), 
where at depths of 600 to 1200 metres layers 2 to 4 metres in thickness are found over an 
area 95 kilometres long and 8 to 13 kilometres wide. 

In 1848 Young and Meldrum began to work and purify a special oil issuing from the 
surface of the soil in Derbyshire (see note, p. 66 ), and, having exhausted this deposit and 
not finding others, they succeeded in preparing mineral oils, which had been already intro- 
duced for illuminating purposes, by distilling cannel coal, which gave much lower but 
remunerative yields. 

In about 1860 they discovered that the interesting Scotch deposits of boghead coal 
gave a yield of oil much greater than cannel coal, and in 1864 and 1866’ were erected the 
two works at Bathgate and Addiwell, which became world famous. The deposits of 
boghead coal were exhausted in four or five years, and were then replaced by the more 
abundant, although less fertile, deposits of bitmninous schists {shales) in which Scotland is 
so rich. These shales have been formed by the slow deposition of fish at the bottom of 

and 85,947 (47,759 to Hamburg, 10,125 to London, 4040 to Buenos Aires, 3800 to Antwerp, 
3000 to New York, 2800 to Rouen, 2720 to New Orleans, 2605 to Rotterdam, 2537 to Greece, 
2014 to Alexandria, 1707 to Hungary, 1050 to Calcutta, etc.) in 1909. The mean price of the 
rock at the port is £1 per ton. The.so Sicilian deposits were studied by Della Fonte and Moschini 
in 1884, Ragusa in 1901, Manzella in 1906, Madema in 1906 and 1909, and Coppadoro and Schiavo- 
Leni in 1908-1910. For street paving these powdered rocks should contain less than 2 per cent, 
of residue insoluble in hydrochloric acid (clay and silica) and should be free from pyrites (in 
the air this is converted into soluble ferrous sulphate, w'hich results in disintegration of the pave- 
ment); the proportion of bitumen (extracted by chloroform from the well-powdered material, 
dried at 100°, in a Soxhlet apparatus ) should be more than 8 per cent, and less than 13 per cent. 
Various firms export asphaltc ready powdered from Sicily and manufacture asphalts mastic 
{see above) by mixing, in the hot, powdered asphaltic rock with cither Trinidad bitumen or 
bitumen obtained by distilling the richer rocks (12 to 25 per cent, of bitumen). 

By the name asphaltite are known certain bitumens found naturally in veins and among 
these Marcusson (1914) includes Syrian asphalte or bitumen, Gilsonite, Grahamite, and Albcrtite. 
These are more expensive than other bitumens, and, being harder and more shiny and more 
easily powdered, are used more e.speeially in the lac industry. They are distinguished chemic- 
ally from asphaltes and bitumens by their content of organic acids, organic sulphur and matter 
soluble in CS 2 and CCI 4 . As they contain less than 7 per cent, of oils resistant to sulphuric acid, 
they are to be regarded as products of more advanced decomposition than bitumen. 

STATISTICS AND PRICES. The Italian output of asphaltes and bitumens is as 
follows (tons) : 



1910 

1912 

1913 

1914 

1915 

1910 

1917 

Natural asphalte rock . 

162,212 

181,397 

171,097 

119,853 

47,650 

16,829 


Powdered asphalte rock 
Asphalte in cakes (bituminous 

26,137 

34,648 

40,573 

17,200 

11,279 

5,607 

— 

mastic) .... 

13,953 

16,612 

13,961 

13,772 

11,460 

8,477 

— 

Artificial asphalte 

8,580 

6,200 

6,000 

4,700 

— 

— 

Compressed asphalte bricks . 

943 

1,164 

1,790 

2,249 

2,187 

1,618 

— 

Crude bitumen 

457 

549 

393 

326 

355 

786 



Refined bitumen 

672 

283 

426 

531 

775 

960 



Solid bitumen, importation . 

3,365 

3,548 

4,300 

2,924 

4,139 

1,090 

1,381 

„ ,, exportation . 

26,125 

13,158 

6,596 

i 6,367 

6,720 

121 

111 


The production of pitch in Italy was 7220 tons in 1909, 11,964 (£25,920) in 1912, 17,746 in 
1915, and 30,182 (£122,668) in 1916. 

Great Britain imported 68,389 tons of asphalte and bitumen in 1909 and 69,398 tons 
(£168,000), together with 12,000 tons of pitch (excluding that from coal tar), valued at £ 66,000 
(the exports being of the value £720,000), in 1910. The output of oily shales was 2,967,700 tons 
in 1909, 3,130,000 (£430,000) in 1910, 3,280,143 in 1913, and 3,268,666 (£837,240) in 1914. 

In Germany there were fifteen works treating asphalte rocks (costing about 8 s'. Gd. per ton) 
in 1910, the quantity treated being 76,964 tons (giving 4400 tons of asphalte) in 1909, and 81,335 
tons (giving 4640 tons of asphalte) in 1910. The imports were 130,062 tons in 1908 and 98,370 
(exports 14,200 tons) in 1909; 103,000 tons were produced in 1905, 89,00.0 (£40,000) in 1908, 
and 77,500 in 1909. 

The prices are : for the tar (goudron), £3 5s. per ton; Archangel pitch, I, £11 4 .?.; Swedish 
pitch, £9 4s. ; coal pitch, £2 to £2 8 s, ; lignite pitch, £2 8 s. to £3 4s. ; stoarine pitch, £7 4s. to 
£14 8 s. ; Syrian asphalte, I, £34 ; asphalte in fine powder, £70. 
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the sea, with interposition of deposits of ciay, which even now bears the imprints of the 
fish. They are greyish- black or bro\i*nish, with a lamellar structure, and have the sp. gr. 
1-71 to 1-87.^ 

The invasion of American petroleum in about 1880 created a serious crisis in this 
industry, which was partially saved by new and improved technical methods introduced 


by engineers and chemists, especialh* by 
Beilby, Henderson, Crichton, and Bryson ; the 
by-products were more completch’ utilised, 
the furnaces improved, fractional distillation 
apparatus brought into use, the ammoniacal 
liquors utilised, the tar, coke, gas, and final 
residues employed as fuel, and the labour 
reduced to a minimum ; the mineral oil came 
to occupy a secondary position, attention 
being paid to the production of paraffin wax 
and high-class lubricating oils for engines. 

The furnaces and retorts used in Scot- 
land for the distillation of bituminous shale 
have undergone continuous improvement. 
Horizontal retorts gave way to vertical ones, 
and of these the most perfect types are the 
Henderson retorts, brought into use in about 
1895 at Broxburn, and the Bryson retorts, 
applied later at Pumpherston, both being 
modifications of the old vertical retorts of 
Young and Beilby (called also Penlland 
retorts). The furnace vith Bryson retorts is 
sho^TL in Pig, 103. The retorts are 9 metres 
high, have a circular section ■with a mean 
diameter of 90 cm., and hold •i-5 eu. metres 
of shale in lumps of walnut size (the old 
Henderson retorts contained 3 and the old 
Pentland retorts 1 cu. metre). The lower 

^ La Prance these bituminous schists, which 
abound in the basin of the Autun and at Buxiere- 
les -Mines, form two strata which are 1 to 2 metres 
thick and extend over an area of 18,000 hectares 
(44,460 acres), the best deposits being at a depth 
of 80 metres. They weie first worked in 1837 
by Selligno in consequence of the studies of 
Reichenbach (1830), and the industry became a 
flourishing one about 1860 ; in 1864, 128,550 tons 
of shale were distilled, producing 4750 tons of 
crude oil, destined principally to prepare oil-gas 
in the large towns. The invasion of American 
petroleums also overthrew' this industry, wliich 
now survives on account partly of the (Justoms 
duty and partly of the adoption of Scotch distil- 
lation furnaces (Pig. 103), which give improved 
jlelds. 

Li Australia, especially in the neighbourhood 
of Sydney, extensive deposits (from a few 
centimetres to 2 metres thick) of bituminous 
shale occur which, according to Potonie, origin- 
ated in oily algae, and are hence to be regarded 
as coals rather than as shale. On distillation 
they give 68 per cent, of oils, 14 per cent, of gas, 
11 per cent, of crude paraffin wax, and 7 per 
cent of ash. 



Pig. 103. 


A bituminous schist from Midlothian (Scotland) gave on analysis ; 20 per cent, carbon, 
0*7 per cent, nitrogen, 1-5 per cent, sulphur, the re.st being mineral matter; it gave up nothing 
soluble to ether. Another sample show’ed 2*7 per cent, w'ater, 24-3 per cent, tar, and 73 per cent, 
residue (ash). Certain French shales give only 5 to 6 per cent, of tar, whilst those from 
Australia give as much as 60 per cent., but are poor in paraffin W'ax. Unlike that of bituminous 
lignites, the tar of shale cannot be extracted by solvents. 
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two-thirds, 6, of the retorts is of refractory bricks (chamotte) and the upper part, a, 
of cast-iron fixed with mastic into the chamotte part. The shape is slightly conical, 
and at the upper end is a large sheet-iron hopper, c, containing sufficient broken 
shale to feed the retort for twenty-four hours. The mouth at the bottom of the 
retort is restricted somewhat and is closed with a hinged grid or disc, which is divided 
into two parts and may be opened by the lever arms, Ic, so as to discharge, every 
five to six hours or more frequently, part of the exhausted shale into the sheet-iron hopper, 
d, where it cools to some extent ; at the same time fresh material enters the retort at the 
top. The retorts with their hoppers below are united in pairs, 'a single discharge orifice, s, 
serving the two. In each retort 5 tons of shale are distilled per twenty-four hours. The 
furnaces are heated by the non-condensable gases from the distillation, these being intro- 
duced through the pipes A and B. The distilled products are evolved at the top through 
the tubes e and are aspirated through the tubes / to the condensing plant. This consists 
of batteries of vertical wrought- or cast-iron tubes, which are 60 cm. in diameter at the 
beginning and 45 cm. at the end of the battery and rest on adjacent but separate tanks, 
in which the various products collect as they are gradually condensed by the cold external 
air (cooling with water with the object of diminishing the number of tubes has not given 
good results; in some cases, batteries of small air-cooled tubes are used). Batteries of 
forty to sixty furnaces are controlled by four workmen by day and two by night (the 
hoppers, c, are charged during the daytime). The gases heating the retorts have a tempera- 
ture of about 700° at the bottom and 400° at the top, flow of the bitumen before distilla- 
tion and the production of obstructions being thus avoided. In some instances the retorts 
are also heated internally by means of superheated steam. With regular working 100 kilos 
of shale give 8 to 10 kilos of tar. The yield is about 6 per cent, of gas, 8 per cent, of 
ammoniacal liquor (ammonium carbonate), 12 per cent, of crude oil (tar), and 7 per cent, 
of residue (4 to 5 per cent, of which consists of combustible matter). The crude oil con- 
tains less than 0-03 per cent, of sulphur; the gas evolved contains 21 to 23 per cent. COg, 
1 to 4 per cent. CO, 12 to 24 per cent. H, T6 per cent, of heavy hydrocarbons, 8 to 20 
per cent. CH4, 1-2 to 4 per cent. 0 and 35 to 43 per cent. N.^ 

The crude oil is dark green, has the sp. gr. 0-865 to 0-895 at 44°, and is semi-solid at 
ordinary temperatures owing to the paraffin wax present. 

This oil is treated by virtually the same methods as are used for lignite tar, that is, 
by continuous distillation in a current of steam, so as to obtain purer products. The first 
distillation gives : green naphtha (0-753) and green oil (0-858), which are purified by acid 
and alkali and then redistilled : the first gives commercial mineral oil (also solar oil) and 
the second light oils and paraffin wax, which is separated by cooling from the blue oil, 
which serves as a good lubricant when refined. The paraffin wax is purified by the process 
given above (paraffin wax of lignite tar). The gas evolved during the distillation of crude 
shale oil showed, in one instance, the following percentage composition : heavy hydro- 
carbons, 14-5; methane, 59; ethane, 26-5; hydrogen, trades; CO, COg, and 0, nil. When 
this gas is cooled, a light benzine for automobiles is obtained. 

^ One hundred kilos of Scotch shale gives on distillation in modem furnaces as much as 
30 cu. metres of gas (only 14 with the older furnaces) containing, for instance, 22-08 per cent. 
CO2, 1-18 per cent. O’, 1-38 per cent, heavy hydrocarbons, 9-77 per cent. CO, 3-70 per cent. CH,„ 
55-56 per cent. H, and 6-33 per cent. N ; the very high content of hydrogen is due to the action 
of the water-vapour on the red-hot residues of the shalS'. 

The distillation residues, consisting almost entirely of mineral matters, have no value, and 
are used for fiUing holes in the ground; in some few oases, the residues (coke) contain as much 
as 12 per cent, of combustible substances and are then mixed with bettor fuel and burnt in the 
furnaces. 

In 1876, when horizontal retorts were used, the cost of 100 litres of tar, including the value 
of the raw shale, was estimated at 85.; in 1879, with Henderson vertical retorts, at 45. Qd., and 
in 1897, with the new retorts, at 35. %d. 

The gases used for heating the furnaces consist of 80 per cent, of water-gas and 20 per cent, 
of distillation-gas and tar vapours (2 per cent.). In some modem works the quantity of gas is 
increased by passing steam, in at the bottom of the furnace, this, with the carbon remaining in 
the hot, exhausted shale, giving water-gas rich in hydrogen and carbon monoxide. 

^ The waters distilled from shale form three-fourths by weight of the distillate have the sp. gr. 
4° Be., and contain ammonia and pyridine. The ammonia is recovered as crystallised sulphate 
by the method used in gasworks. Each ton of shale gives 5 to 6 kilos of ammonium sulphate, 
which in many factories is the sole source of profit. Benzene is also obtained from the gas by 
washing the latter with paraffin oil in a coke tower or scrubber. 



I C H T H Y 0 I 


103 


A ton of bituminous schist (of the value of 125. 9«?.) yields about 8 kilos of naphtha. 
115 kilos of crude oil (green oil), and 13 kilos of ammonium sulphate. Prom 100 kilos 
of green oil are then obtained 31 kilos of burning oil, 13 kilos of lighting oil, 11 kilos of 
middle oil, 15 kilos of paraffin wax, and 15 to 20 per cent, of gas, water, and loss, the 
remainder being coke (about 3 per cent, ), which is used as a black pigment. 

In 1873, 524 tons of oily shales were treated in Scotland, in 1893 about 2,000,000 
tons, and in 1909 3,000,000 tons, giving 280,000 tons of crude oil. The Scotch shale- 
oil refineries produced in 1908 90,000 tons of burning oil, 16,000 tons of engine oil, 

40.000 tons of gas-oil, 40,000 tons of lubricating oil, 25,000 tons of paraffin wax, and 

60.000 tons of ammonium sulphate. In 1908 134,163 tons of bituminous shale, of the 
value £72,400, were produced in Italy. In Prance 219,000 cubic metres were distilled 
in 1890. 

In Germany 80,000 tons of lignite tar (corresponding with 600,000 tons of lignite) are 
distilled annually, and the products obtained (9000 tons of paraffin w’ax — two-thirds hard 
and one-third soft — 5000 tons of solar oil, and 3500 tons of heavy oil) have a value of 
about £880,000.^ 

Tar can be purchased from the lignite distilleries at little more than l^d. per quintal 
(2 cwt.) and, treated as above, fields 145. 5d. to 165., taking as the average selling prices 
per quintal : paraffin wax, £3 125.; solar oil, IO5. 5d. ; yellow' oil of paraffin, 125. lOd. ; 
dark oil of paraffin, 1 05. 5d. 

The competition of the Galician product lowered the price of paraffin wax in 1910 
and 1912 to £20 per ton. In various countries there are special bituminous shales which 
have originated from the decomposition of immense heaps of fish accumulating at the 
bottom of former seas, the decomposition products being interlayered with clay and then 
carried by geological convulsions to the surface of the earth and to the summits of 
mountains. These shales abound in the residues of numerous different fish and also in 
vegetable debris, and the bitumen or oil obtained from them by distillation Contains large 
proportions of organic sulphur (2 to 10 per cent.) and nitrogen (24 per cent.), which impart 
to the crude oil an unpleasant odour and a deep brownish-yellow colour with greenish 
reflection. 

The most important deposit of these ichthyolic shales, which are worked industrially 
for the preparation of ichthyol (used extensively in medicine, especially for the treatment 

^ The "bituminous coal of Messd {see note, p. 94) is utilised in a special way, the vapour 
derived from the drying of the coal being employed in the upper part of the vertical retort to 
produce water-gas. The vapour is injected by means of a blower into the bottom of the retort, 
where it meets red-hot coke, all the nitrogen of the latter being transformed into ammonia, 
which issues with the water-gas and the vapours from the distillation at a point about one-third 
up the retort (Ger. Pat. 200,602, 1906). This process for utilising the nitrogen of the coke is 
derived from that patented by A. Grouven in 1878 (hence prior to the Mond process) for the 
utilisation of the nitrogen of peat. To fix the ammonia of the gases and vapours, these are 
passed into a species of Glover tower, in which they are washed by a spray of dilute sulphuric 
acid, the ammonium sulphate solution obtained being concentrated to crystallisation by means 
of the heat of the furnace and of the distillation products, which are thus appreciably cooled. 
The tar from the Messel coal has the sp. gr. 0*855 to 0*860 at 44°. 

2 Ichthyol is an oil of sp. gr. 0-865 which is obtained betw'cen 100° and 255° during the dry 
distillation of ichthyolic bituminous shale. On distillation it yields, besides a highly luminous 
gas, 5 to 7 per cent, of crude ichthyol. On distillation, these shales lose 30 to 40 per cent, of 
their weight. The Besano oil is richer in pyridine bases than that of Seefeld, which contains 
1 per cent, of them (Baumann and Schotten, Contardi and Malerba ). 

Treatment of this oil (when redistilled it is almost colourless and contains 2-5 per cent, or 
more of sulphur) with concentrated sulphuric acid yields ichtJiyolsidphonic acid containing 10 
to 15 per cent. S (like sulphoricinates) and forming salts {icMhyolsvl'pTionates) with soda, or better 
with ammonia, which are used in the cure of skin diseases. Ammonium icUTiydlsulphonate 
(C22H.6G6S3(NH4)2 ?), wlfich commonl;f‘hears the name of ichthyol, forms a dense, reddish brown 
liquid, soluble in water, and its solution gives a black resinous deposit with HCl and yields NH3 
when treated with KOH ; it dissolves also in a mixture of alcohol and ether. 

"^Tien heated in the air it bums vithout leaving a residue, while at 100° it does not lose more 
than 50 per cent, of its weight (water). IE a current of steam is passed on to the surface of 
boiling ichthyol, the latter is rendered almost odourless (Knoll & Co., Ger. Pat. 118,542, 1899), 
but deodorisation with hydrogen peroxide destroys the medicinal properties; the deodorised 
product is termed desichthyol. 

The best qualities of ichthyol contain between 3 to 5 per cent, and 8 per cent, of sulphur 
as sulphonic group and between 4*5 per cent, and 14 per cent, of sulphur as SH, the total sulphur 
amounting to 12 to 18 per cent, and the combined ammonia to 2-5 to 4-3 per cent. Anitine is 
an ammonium ichthyolsulphonate purified by means of alcohol; its aqueous solution dissolves 
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of painful sores and inflammations) occur at Seefeld and at Reith, near Innsbruck in the 
Tyrol ; similar deposits are found in various parts of Italy. 

IV. Another source, one of the most important, of fara-lfin wax is Ozokerite 
(or mineral wax). It is found in England, Russia, and America, but the 
deposits of greatest industrial and historical importance are those of Galicia 
(that of Boryslaw gives 3000 tons and that of Dzwiniacz about 1000 tons 
per annum, while those of Pomiarki and Starunia are of inferior quality), 
where it occurs in seams as much as a .metre in thickness. It was discovered 
by Boms when searching for petroleum, and from 1860-1870 was worked by 
the Landesberg process for the extraction of a kind of paraffin wax, which 
competed keenly with that of Saxony and Thuringia (frojn lignite, see p. 95) ; 
in 1870, Pilz and Ujhelyi found that simple treatment of ozokerite twice with 
concentrated sulphuric acid, followed by decolorisation with prussiate black 
{see Vol. I,, p. 840), yields cerasin, a product of greater value than, and similar 
to, beeswax.^ In the State of Utah, the industrial treatment of ozokerite was 
begun in 1888, and in 1890 already yielded as much as 600 tons of crude cerasin. 

In recent years the decolorisation of ozokerite has been simplified, but whereas with 
paraffin wax fuller’s earth (see Vol. I., p. 738; also this VoL, chapter on Vegetable Oils) 
may be used as a decolorising agent in place of prussiate black (which is increasing in 
price owing to diminished production), this does not serve in the case of cerasin. A special 
decolorising material, termed francolite or tensile, gives, however, complete decolorisation 
at one-half the cost, after a single treatment of the ozokerite with sulphuric acid ; extrac- 
tion of the decolorised residues with benzine is then somewhat difficult, but the difficulty 
is overcome by using trichloroethylene {see p. 122), which is denser, and by extracting in 
lead-lined apparatus. 

Ozokerite forms an amorphous mass of a yellow, brown, greenish, or black 
colour and of varying consistency ; the harder varieties show a fibrous fracture ; 
the specific gravity is 0*85 to 0*95, and the m.-p)ts. of the various commercial 
varieties are 84° to 86°, 65° to 76°, and 55° to 65° ; these contain less than 5 per 
cent, of moisture and volatile products. Pure ozokerite contains 85 to 86 per 

many substances insoluble in water (camphor, volatile oils, phenol, etc.). The ichthyolsul- 
phonates of the heavy metals are only slightly soluble in water. 

Of the many other derivatives (and substitutes, e. g., thyol, obtained by treating tar-oils 
with sulphur), mention may bo made of icMhyoform (blackish brown, inodorous ), prepared by 
treating ichthyolsulphonic acid with formaldehyde and used as an antiseptic for tho intestines 
and instead of iodoform for curing wounds : it costs £4 per kilo and ammonium ichthyolsulplionatc 
£1 per kilo. 

^ The material from the mines (shafts 80 metros or more in depth ), which contains admixed 
earth and stones, is placed in open vessels holding 300 litres and heated by direct fire heat ; tho 
mineral matter settles to tho bottom and is separated by decantation. This matter still con- 
tains 10 per cent, of wax, which is extracted ■with benzine {extraction wax); both this and the 
decanted part {fusion wax) form tho prime materials treated in tho refineries found in all 
countries. 

The refining is carried out in large iron boilers holding up to 3000 kilos of the ernde wax, half 
a metre being.left free to take the scum which forms. The fused mass is kept at 115° to 120° 
for four to five hours and is stirred to liberate all the water; 15 to 25 per cent, (according to 
the quality of the wax) of fuming sulphuric acid containing 65 per cent, of free SO3 is then added, 
in a thin stream, to the mass, which is thoroughly stirred meanwhile ; the temperature rises 
slowly to 165° and then to 175°, with vigorous evolution of SOg and formation of froth, which 
may overflow and take fire if the hearth is not well isolated. The oxidisable impurities separate 
as a black mass (asphalie) and the excess of sulphuric acid evaporates. Tho vessel is covered 
and provided with a draught-pipe to carry off the acid vapours. When emission of SO^ ceases, 
the mass is heated to 180° to 200° and then allowed to cool slowly, being neutralised and decolor- 
ised with 5 to 6 per cent, of cyanide UaeJs [which is the residue from the old method of making 
yellow prussiate (seeWol. I., p. 840) and contains animal black„alkalmo earth carbonates and 
phosphates, and iron oxide and sulphide] or ■with blood carbon, and is sent hot to the filter- 
presses.^ The mass obtained is still slightly yellow and is whitened by further treatifieiit with 
sulphuric acid. When beeswax is to be imitated, turmeric, quinoline yellow or other coal-tar 
dye is added, together ■with a little Pera balsam to impart the required odour. The filter-press 
residues are mixed ■with sawdust or, better, with rice husks, and extracted with benzine to recover 
ail the cerasin ; after recovery of the benzine, the insoluble residue is used as fuel 
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cent, of carbon and 14 to 15 per cent, of hydrogen, and hence consists principally 
of paraffins, together \\ith a small proportion of olefines ; it is soluble in benzine, 
turpentine, petroleum, ether, and carbon disulphide, but only slightly so in 
alcohol. It forms an excellent electrical insulator, and ma}’ be used in jDlace 
of gutta-percha. 

According to Hofer, ozokerite has been formed by the slow evaporation, 
during many centuries, of petroleum rich in jjaraffin wax. 

On distillation it yields : 2 to 8 per cent, of benzine, 15 to 20 per cent, of 
naphtha, 36 to 50 cent, of paraffin wax, 15 to 20 per cent, of heavy oils, 
and 10 to 20 per cent, of residual solids. 

STATISTICS AND PRICE OF PARAFFIN WAX. The importation of paraffin wax, 
cerasin and vaseline into Italy was as follows (tons) ; 
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Paraffin wax . 
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In 1908 fourteen factories in Germany treated 70,000 tons of lignite tar, worth about ‘ 
£160,000, and 'produced 45,000 tons of oil, 11,000 tons of crude paraffin wax (equal to 
7600 tons of the pure wax, worth £220,000), and 8000 tons of creosote, tar, and pitch, of 
the total value of £450,000; about 1,000,000 tons of lignite w^ere distilled and 350,000 tons 
of coke left. For several years, however, the industry has been stationary. In 1910 
Germany imported 17,000 tons of paraffin wax and wax candles, besides 46,600 tons of gas- 
oil. In order to offer more effective resistance to the crushing competition of Austria 
(Galicia), the five largest German works combined in 1913, with a capital of more than 
£3,200,000, three small factories remaining outside of the combine. 

France imported 624 tons of ozokerite in 1913, 483 in 1914, and 335 in 1915. 

Galicia produced 2116 tons of ozokerite and 62,000 of paraffin w^ax in 1910. 

The United States exported 75,000 tons of paraffin wax in 1905, 90,000 in 1910, and 

96.000 (£1,440,000) in 1911; 95 per cent, of the American output is in the hands of the 
Standard Oil Company. 

The petroleum of Tschelekcn (Russia) contains up to 8 per cent, of paraffin wax and 
is treated.in a Baku w’orks, which produced 34 tons of wax in 1908, 160 in 1909, 600 in 
1910, and 700 in 1911. 

In 1907 Great Britain produced 3500 tons of paraffin w'ax, and in 1909 imported 

50.000 tons (£1;400,000) and exported 17,000 tons (£408,000); in 1910, 14,000 tons were 
exported. The Scotch shales yielded 23,000 tons of paraffin wax in 1910. 

Spain imported paraffin wax to the value of £90,400 in 1909 and £112,000 in 1910. 

The market price of paraffin wax varies somewhat with its melting-point : first quality 
white, m.-pt. 38° to 40°, costs £39 per ton; that with m.-pt. 42° to 44°, £41 ; m.-pt. 48° to 
50°, £43; m.-pt. 56° to 58°, £46; m.-pt. 60° to 62°, £50. That used in pharmacy, m.-pt. 
74° to 76°, costs as much as £96, and the crude w^ax about £29. For some years before the 
war the price was lowered considerably, owing to the large output in Galicia, whence it w’as 
exported even at £16 per ton. 

Pure white cerasin resembles wax, melts at 62° to 80°, has the sp. gr. 0*918 to 0*922, 
and is dextro-rotatory. It is used in making candles, in perfumery, as dressing for textiles, 
in making boot- and floor-polish, waxed paper, pomades and cosmetics, crayons, etc. It 
is subject to much adulteration ^ owing to its high price. Before the w^ar, first quality 
yellow^ cerasin, m.-pt. 62° to 63°, cost £54 per ton; second quality, £46; that with m.-pt. 
68° to 70°, £60, and the white variety, m.-pt. 52° to 63°, £66.^ 

^ The analysis of paraffin wax, vaseline, cerasin, mineral oils, etc., is described in treatises 
dealing with the analysis of industrial products, e.g., ViUavecchia’s “Applied Analytical 
Chemistry,'’ Vol. I. 

2 A mixture of cerasin and paraffin wax may be detected by the following tests : a glass rod 
3 mm. in diameter is immersed to a depth of 1 cm. in the fused substance, extracted, allowed to 
cool, and hung in a test-tube heated externally with -water. If the wax drops above 66°, it is 
pure cerasin, whereas if it drops below 66° it is regarded as mixed with paraffin w-ax or as the 
latter alone. The dropping-point may be determined also -with the IJbbelohde apparatus (p. 6). 
Addition of colophony is recognised by the acid nuviber or saponification number, colophony 
being saponifiable and cerasin not. 
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Cerasin lias been made in continually diminisliing quantity since 1913, owing to its 
cost, and even in making candles bas been replaced more or less completely by paraffin 
wax. The high price of cerasin depends on that of ozokerite, which is now partially 
exhausted and occurs to some extent at great depths (300 metres at Boryslaw and 100 
metres at Dzwiniacz) . 

The ozokerite worked in Austria-Hungary in 1877 amounted to 8961 tons; in 1885, 
13,000 tons; and in 1894, 6742 tons. The exportation of cerasin was 3594 tons in 1891, 
and 2382' tons in 1895. 

In the United States the production of refined ozokerite, which was 160 tons in 1888, 
rose in 1892 to 75,000 tons, of the value of £4,000,000. 


(b) UNSATURATED HYDROCARBONS 
I. ETHYLENE SERIES : (Alkylenes or Olefines) 

Two groups belong to this series : the olefine group, the first member of 
which is ethylene, C2H4, the succeeding ones being open-chain hydrocarbons 
with a double linldng between two carbon atoms, since hydrogen, halogens, 
ozone, etc., can be readily added to them, transforming them into saturated 
compounds of the paraffin series. 

The other group yields additive products only with difficulty, and its 
members are formed of closed carbon-chains (cyclic compounds) . The first 
term is trimethylene or cyclopropane, hexamethylene and higher compounds 

H2 H2 

/C — Ov 

H2C< 


2 •^•*■2 

Hesaraethylcne 

The carbon atoms in these iast compounds are all in the same conditions 
and cannot be differentiated. The cyclic compounds will bo studied as a 
separate section of the aromatic series (Part III). 

The following Table gives the more important members of the olefine series 
(the numbers in parentheses representing boiling-pofnts under reduced pressure) : 
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Ethylene, . 

- 169° 

- 103° 

Decylene, C^gHgo 


172° 

Propylene, CgH^, 

— 

-48° 

Endecylene, C 4 j^H 22 • 

— 

195° 

Butylene (3 isoms. ), f p 
C Hn r 

— 

-5° ! 
+ 1 ° 1 

Dodecylene, C 12 H 24 . 

Tridecylene, . 

-31° 

(96°) 

233° 

'^4-^8 

_ 

- 6 ° 1 

Tetradecylene, . 

— 12 ° 

(127°) 

Amylene (5 isoms, ), 



Pentadecylene, 

— 

247° 

C 5 H 10 ; 



Hexadecylene (Cetene) 

\ 40 / 

274° 

Normal amylene 

— 

-1-35° 


J 1 

(155°) 

Hexylene; 

— 

68 ° 

Octadecylene, C^-gEgg . 

4 - 18° 

(179°) 

Heptylene, C 7 H 14 

___ 

98° 

Eicosylene, CgoH^o • 

— 

__ 

i Octylene, CgH^^g 

— 

124° 

Cerolene, 0371154 

-f 58° 

— 

' Nonylene, CgHjg 

— 

153° 

Melene, OggHgg . 

+ 62° 

— 


The official nomenclature of the olefines is the same as that of the paraffins, 
excepting that the final ane is changed into ene (thus ethylene, wffiich is isologous 
with ethane, is called ethene, and so on; see also p. 29 ). 

These unsaturated hydrocarbons differ little in their physical properties from 
the corresponding saturated homologues. 
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The first terms — ^up to C 4 Hg — ^are gases, and after C-H^q come liquids mth 
increasing boiling-points, these gradually approaching one another as mth 
the paraffins ; the higher members are solid and, like the paraffins, ' have the 
sp. gr. 0'63 to 0‘79, are insoluble in water, but soluble in alcohol or ether. 

The chemical properties differ somewhat from those of the saturated com- 
pounds. Thus, they readily take up HCl, HBr, HI, Cl, Br, I, fuming H 2 SO 4 , 
hypochlorous acid (giving chloro-alcohols or cJilarhydrins, e. g., CH 2 : CHg -f 
HCIO = CHgCl • CHgOH), hyponitrous acid, ozone, etc., forming compounds 
of the saturated series. 

Cl is added more easily than I {see Iodine number : chapter on Fats), Br 
occupying an intermediate position, whilst HI is added more easily than HBr, 
and tMs more easily than HCl. With these acids, the halogen is added to the 
carbon atom with which the least hj^drogen is ‘combined. 

Ethylene unites with fuming sulphuric acid at the ordinary temperature 
and with the ordinary acid at 165°, forming ethylsuiphuric acid, CgHgO • SO 3 H; 
with higher compounds, the acid radicle passes to the less hydrogenated carbon 
atom. 

They often 'polymerise under the action of sulphuric acid or zinc chloride ; 
for example, amylene, C 5 H 40 , forms C 10 H 20 , and C^sHgo gives C 20 H 4 Q. 

They are readily oxidisahle, for example, with potassium permanganate 
or chromic acid (not with nitric acid in the cold), the chain being then broken 
at the double linking, with formation of oxygenated compounds (acids) con- 
taining fewer carbon atoms in the molecule. Careful use of permanganate 
results initially in the addition of two hydroxyl groups vithout breaking the 
chain and forming dihydric alcohols {glycols), for example, OH * CH — CH * OH.^ 

Almost all compounds ^vith a double linking between atoms of carbon give 
Baeyer's reaction, that is, they rapidly discharge the violet colour of a dilute 
solution of potassium permanganate and sodium carbonate, with formation of 
a reddish-brown flocculent precipitate of hydrated manganese peroxide. 

This reaction is not given by reducing substances like aldehydes or by certain 
aromatic compounds {phenanthrene, etc.). 

With tetranitromethane they give a yellow or brown coloration (the nitro- 
derivatives and organic acids being exceptions), tautomeric enolic compounds 
also reacting in this way {see p. 18 : I. Ostromislenski). 

All compounds vith doubly linked carbon atoms give the ozone reaction 
(Harries, 1905, and Molinari, 1907), that is, when dissolved in a suitable solvent 
they fix, quantitatively and in the cold, the ozone contained in a current of 
ozonised air passed through the solution; in this property they differ from 
compounds with either a triple linking or a benzene double linking (E. Molinari, 
Ann. Soc. CJiim. Milan, 1907, 116). 

Of interest also are the formoMte and nitric acid reactions {see pp. 71, 91). 

METHODS OF PREPARATION. (1) They are formed, together with 
petroleum, in the dry distillation of wood, lignite, coal, paraffin wax 
(“ cracking,” see pp. 87, etc.). 

^ From what has been said up to the present, it is obvious that a double linldng does not signify 
a firmer union^ between carbon atoms ; it is simply a conventional sign. The breaking of the 
chain, by oxidising agents, at the double linking is to be attributed to the ease of formation of 
intermediate products (e. g., dihydric alcohols) rather than to a less attraction existing between 
carbon and carbon at that point. Such readiness to react may, according to Baeyer, be explained 
by regarding the affinities of the carbon atom as orientated or grouped at four poles arranged 
like the vertices of a regular tetrahedron [see pp. 19 et seg.). If two carbon atoms unite by a 
double linking, the polos at the .surface of the carbon atoms become displaced and approach one 
another, so that there results a certain tension which explains the readine.ss with which the double 
linking reacts or opens. After the initial oxidation leading to these intermediate products, further 
action of the oxidising agent, as a general rule, oxidises or breaks the chain at a point where oxygen 
already exists, that is, where the oxidation is already begun [see Part III, The Hypothesis of the 
Partial Valencies of the Benzene Nucleus). 
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(2) By eliminating water from the alcohols, . lOH, by heating them 
mill dehydrating agents (H2SO4, P2O5, ZnClg, etc.); a stable intermediate 
product is sometimes formed, e. g., ethylsulphuric acid, CgHg * HSO 4 , which at 
a higher temperature gives ethylene and sul|)huric acid. Higher alcohols and 
ethers are resolved, merely on heating, into olefines and water. 

.(3) From saturated halogen derivatives, (X = halogen), 

especially from secondary and tertiary bromo- and iodo -derivatives, by heating 
them with alcoholic potash, or by passing their vapours over heated lime or 
lead oxide, etc. 

G5H14I + G2H5OK = KI + C2H5 • OH -f G5H40. 

The mixed ether, G5H44 * 0 * CgHg, may also be formed to some extent. 

(4) From dihalogenated compounds by heating with zinc : 

G2H4Br2 -f Zn = ZnBrg + C2H4. 

(5) By electrolysis of dibasic acids of the succinic acid series : 

C2H4(G00H)2 = G 2 H 4 + 2 CO 2 + H 2 . 

(6) XJnsaturated compounds are obtained by heating the condensation 
products of the ketenes {q.v.). 

CONSTITUTION OF THE OLEFINES. In this group it is assumed that between 
two carbon atoms there exists a double linking : HgC = CHg, HgC = CH — CH3, etc., the 
presence of two free valencies, thus, HgC — CHg or HC— CH^, being excluded for the following 
reasons 1 I A 

In unsaturated compounds the addition of halogen does not take place at a single carbon 
atom, so that ethylene chloride, C2H4CI2, has not the formula CH3 • CHClg, which is that 
of ethylidene chloride obtained from acetaldehyde, CHg • CHO, by replacement of the 0 by 
Clg (by the action of PCI5). Since ethylene chloride is chemically and physically different 
from ethylidene chloride, the former must have the constitutional formula, CHgCl — CHgCl, 
and the thiid formula for ethylene, CHg — CH<[ is thus excluded. The second formula is 
not probable because, if the existence of free valencies is assumed, they could occur also in 
non-adjacent carbon atoms, and thus give rise, in the higher hydrocarbons, to numerous 
isomerides which have, however, never been prepared (if propylene had two free valencies, 
four isomerides should exist, instead of only one) ; further, the addition of halogen always 
takes place at two contiguous carbon atoms {see Note on preceding page). 

Finally, the assumption of free valencies in organic compounds is inadmissible in view 
of the unsuccessful attempts to prepare methylene (or methene), CHg, for instance, by elimin- 
ating HCl from methyl chloride, 2CH3CI = 2 HC 1 -f 2CH2<[ ; the two methylene residues 
always condense, forming ethylene, as the two valencies cannot remain free. 

ETHYLENE, C2H4 (Ethene), HgC — CHg. This is a gas, becoming liquid 
at —103° and solid at —169°, or liquid at 0° under 44 atmos. pressure. It 
is very slightly soluble in water or alcohol. It has a somewhat pleasant smell 
and burns with a luminous flame; indeed, illuminating gas, which contains 
2 to 3 per cent, of ethylene, owes part of its luminosity to this gas. When 
mixed with 2 vols. of chlorine it burns with a dark-red flame, carbon being 
deposited and HCl formed. At a red heat it yields C, CH4, CgHg, CgHg, etc. ; 
with hydrogen in presence of spongy platinum or, better, powdered nickel at 
300°, it is converted into ethane. 

It is prepared in the laboratory by heating alcohol with excess of sulphuric 
acid; as an intermediate product, ethylsulphuric acid is formed, this giving 
ethylene when heated : CgHg * OH -f H2SO4 = HgO -f C2H5HSO4; C2H5HSO4 
= H2SO4 + C2H4. Pure ethylene is obtained (1 ) by passing a mixture of 
carbon monoxide and hydrogen over finely divided nickel or platinum at 100° : 
2CO -f- 4H2 = C2H4 -f 2H2O; (2) by dropping alcohol on to phosphoric acid 
at 200° to 220° ; or (3) from ethylene bromide and a copper zinc couple. 
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PROPYLENE, CgHg (Propene), CH 2 = CH — CHg. This may be prepared by heating 
glycerol with zinc dust or from isopropyl iodide and potassium hydroxide. It*^ is a gas 
which liquefies at —48° and is isomeric with trimethylene. 

BUTYLENES, C^Hg (Butenes). Three isomerides, the a, p, and y, are known, and are 
obtained by treating normal, secondary, and tertiary butylene iodides respectively with 
potassium hydroxide : 

CHg-CH — CH 2 -CH 3 0H3-CH=CH — CH. 

Butene-l (a-bufcylene) Batene-2 (^-butylene) 2-Mefhyij)ropene (isobutylene) 

Tetramethylene or cylobutane is isomeric with the butylenes. 

AMYLENES, CgH^o (Pentenes). Of the various isomerides theoretically possible 
several have been prepared. By heating/wacZ oil (of distilleries) with zinc chloride, pentanes 
and various isomeric amylenes are formed which may be separated by means of the different 
velocities with which HI is added to them, or by the property possessed by some of them 
of dissolving in the cold in a mixture of concentrated sulphuric acid and w^ater in equal parts, 
forming amylsulphuric acid, whilst the others either do not react or give condensation 
products (di- and triamylenes). 

NORMAL OCTYLENE or CAPRYLENE, CgHj^g, is formed as a secondary product in 
the preparation of octyl iodide (from octyl alcohol and phosphorus iodide). It is a 
colourless liquid, b.-pt. 124°, and with concentrated nitric acid forms nitro- and dinitro- 
octylene. 

CEROTENE, C 27 H 54 , and MELENE, CggEgg, are similar to paraffin wax, and are 
obtained by distilling Chinese wax or beesw^ax. 

11. HYDROCARBONS OF THE SERIES, C,H 2„„2 
A. With Two^pouble Linkings (Diolefines or Allenes) 

Of the few known terms of this series, the first and best investigated is ALLENE, 
H 2 C : C : CHg i^ropandwie) : this is a colourless gas which differs from its isomeride allylene 
in not forming metallic derivatives ; it is* obtained by eliminating one atom of bromine 
from tribromopropane by means of potassium hydroxide and the remaining two by zinc 
dust, its constitution being thus rendered evident : 

CH 2 Br ■ CHBr ■ CH3r-^CH, : CBr • CHgBiCHg : C : CHo 

ERYTHRENE, (Pyrrolilene or Butan- 1 : 3-diene), CHg : CH • CH : CHg, is a gas 
found in illuminating gas, and when heated with formic acid gives erythritoL 

ISOPRENE, CgHg, boils at 37° and is obtained by distilling rubber. On the other 
hand, with concentrated HCl, it condenses, regenerating rubber or forming ferpenes, 

CH 

etc. Since dimetJiylallene, : C : CH 2 , gives, with 2HBr, a dibromide, 

• CHg • CHg ■ Br, which is identical with that obtained fi-om isoprene + 2HBr, 
^ 2 '\ 

the constitution of isoprene must be - • CH : CHg. 

CH 3 / 

Isoprene was prepared for the manufacture of synthetic rubber by decomposing turpentine 
in various ways, first by Tilden in 1882, and later by Woltereck (1909), Wallace (1909), 
Harries (1910), and Silberrad (1910: see Eng. Pats. 19,701 and 27,908 of 1909, and 4001 
of 1910). The Badische Anihn-und Soda-Fabrik (French Pat. 425,885 and Addition No. 
14,542, 1911) passes vapours of turpentine or, better, of limonene, dipentene, earvone, etc,, 
over metallic filaments rendered red-hot by the passage of an electric current, the product 
being diluted either with indifferent gases or by evacuation. 

Harries (1910) obtains isoprene by heating halogenatcd derivatives of isopentane at 600° 
in presence of basic oxides, carbonates, or organic salts. According to U.S. Pat. 1,206,419 
(1912) isoprene (or diolefines in general) is obtained on passing the vapours of dihalogenated 
paraffins [e. g., trimethylethylene bromide (CH 3 ) 2 : CBr • CHBr • CHg] at 300° into a vacuum 
over heated barium chloride (catalyst) and washing the resulting vapours in w^ater to fix 
the HBr. 
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The normal isomeride, PIPERYLENE, CHg : CH • CHg * CH : CHg (Pentan-1 : 4 -diene) 
boils at 42° and is obtained from piperidine. 

DIALLYL, (Hexine), is prepared by the general reaction — the action of sodium 
on allyl iodide — ^which indicates its constitution : 

2 CH 2 : CH • CHgl , = CHg : CH • CHg • CH^ • CH : CHg - 2NaI. 

CONYLENE, C8H14 (1 : 4 -octadiene), CHg : CH • CHg • CH ; CH • CH^ * CH^ • CHg, 
boiis at 126°, and is obtained from coniim. 

B. Hydrocarbons with Triple Linkings (Acetylene Series) 

The most important members of this series are : 

Acetylene, C2H2 (ethine), HC^CH, gas. 

Allylene, C3H4 (propine), CH3*C = CH, gas. 

Grotonylene, C^Hg (2-butine or dimethylacetylene), CHg • C ■ C ’ CHg, boils 
at 27^ 

Bthylacetylene, C4Hg (3-butine), CH3*CH2‘C j CH, boils at 18°. 

Meihylethylacetylene, CgHg (3-pentine), CH3 * CHg ’ C j C * CH3, boils at 55°. 

n-Propylacetylene, CgHg (4-pentine), CHg * CH^ ‘ ^^2 ‘ C ] CH, boils at 48°. 

CH 

Isopropylacetylene, CgHg (3-methyl-l-butine), ^jj®>CH-C j CH, boils at 28°. 

Several of these compounds (the first three) are formed during the dry 
distillation of coal and other complex substances, and are hence found in lighting 
gas. 

In the laboratory they are obtained by the following methods : 

{a) By electrolysing acids of the fumaric acid series {see later) : 

COOH • CH : CH • COOH = Hg + 2002 + HC i CH. 

(6) By heating with alcoholic potash the halogenated compounds (best 
the bromo-derivatives), C^Hg^Xg and gradual elimination of halogen 

hydracid (of HBr or, in presence of KOH“ of KBr and HgO) occurs : 

C2H4Br2 = HBr + CgHgBr— ^ HBr + C2H2. 

In general, starting from the saturated hydrocarbons, C^Hg^+gj action 
of halogen and elimination of halogen hydracid gives an unsaturaied hydrocarbon, 
addition of halogen to this and subsequent removal of halogen hydracid 
gives a still less saturated hydrocarbon, C^Hg^^g? on. 

Elimination of 2HC1 from the compounds C^Hg^Clg, obtained from alde- 
hydes or from certain ketones (methylketones, C^Hg^+i • CO * CHg) by the action 
of PCI5, yields always a trebly linked compound, in which, however, one of 
the carbon atoms is always united to a single, characteristic hydrogen atom : 
— C = CH ; for example, acetaldehyde gives ethylidene chloride, CH3 * CHClg, 
which then yields 2HC1 + CH i CH ; while acetone, CHg • CO * CHg, gives chloro- 
acetone, CHg * CCI2 * CHg, and this 2HC1 -f CHg * C = CH, the elimination of halo- 
gen hydracid never occurring in such a way as to give compounds with two 
double linkings, such as CHg : C : CHg. 

Acetylene derivatives are obtained also by heating the acids of the propiolic 
series {see later). 

Compounds with this characteristic hydrogen atom — C = CH have a feebly 
acid character and form solid metallic derivatives {acetylides) when treated 
with an ammoniacal solution of copper chloride or silver nitrate : copper acety- 
lide, Cu • C : C ‘ Cu, HgO, having a reddish-brown colour and apparently the con- 
stitution CugCH-CHO, since with hydrogen peroxide it gives acetaldehyde, 
CHg ' CHG (Makowka, 1908) ; and silver acetylide, AgC i CAg, which is white 
and insoluble in water or ammonia and, in the dry state, is extremely explosive, 
simple rubbing , being sufficient to explode it. With hydrochloric acid it 
regenerates acetylene in a pure state. 
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The proof that it is the characteristic hydrogen atom which is replaced 
by metals lies in the fact that acetylene derivatives from other ketones (not 
from methylketones) do not give metallic acetylides : 


CHg ' CH^ • CO • CH^ • CH 3 CH 3 • CH^ • CCl^ • CH. • CH. - 
2HC1 + CH3-G : C-CH2*CH3. 


Four atoms of a halogen or of hydrogen may be added to the hydrocarbons 
of the acetylene series, saturated compounds being formed ; as a rule, how^ever, 
only two atoms are readily added, although under the action of light four halogen 
atoms may be added almost always. 

The compounds of the olefine series may, however, be distinguished from 
those of the acetylene series by means of the ozone reaction^ since compounds 
with a triple linking do not fix ozone from ozonised air at all (Molinari * 
p. 107). 

The hydrocarbons of the acetylene series take up a molecule of w’ater in 
presence of mercury salts, giving rise to complex mercuric compomids, which, 
with HCl, give as final product an aldehyde or ketone of the saturated series : 
CHg • C : CH (allylene) + H 2 O = CHg • CO • CHg (acetone) or CH ; CH + 
H 2 O = CE 3 • CHO (acetaldehyde). The last reaction serves to illustrate the 
transformation of inorganic into organic substances (see later, chanter on 
Alcohol), 

In the acetylene series, also, condensation or |)oiymerisationis possible, three 
molecules of acetylene, when heated, yielding benzene, CgHg ; three molecules 
of dimethylacetylene, C^Hg, gi-vnng, with concentrated sulphuric acid, Jiexa- 
methylbenzene, Cg(CH 3 )g, and allylene, CgH^, similarly yielding triTnethylbenzetie 
(mesitylene), CeH 3 (CH 3 ) 3 . 

In the higher compounds, the position of the triple bond is deduced from 
the oxidation products, since, as with substances with a double linking, the 
breaking of the chain occurs at the multiple finking. 

When certain acetylene derivatives, e. g., XC ^ C * CHg, are heated with 
sodium, the triple bond changes its position, the products being sodium deriva- 
tives Of isomeric hydrocarbons, X * CHg • C i CH (these give metallic acetylides, 
but the original compounds do not) ; when these are heated with alcoholic 
potash, the reverse change occurs. 

ACETYLENE, CgHg (Ethine), HC * CH. Without having isolated or char- 
acterised this compound, Davy obtained it in 1839 in a very impure condition, 
by treating with water the product obtained by heating together potassiuni 
carbonate and carbon, which should yield potassium. Berthelot first obtained 
it pure (and named it) in 1859, by passing ethylene or alcohol or ether vapour 
through a red-hot tube ; he prepared it also by means of a voltaic arc passing 
between two carbons in an atmosphere of hydrogen. In 1862, Wohler prepared 
it by treating calcium carbide (obtained by heating carbon with an alloy of 
zinc and calcium) with water. 

It is formed in the incomplete combustion of various hydrocarbons and 
of illuminating gas (e. g., in the flame of a bunsen burner alight at the bottom). 

The industrial preparation of acetylene has assumed great and unforeseen 
practical importance since 1870, when it became possible to prepare calcium 
carbide on an enormous industrial scale by means of the electric furnace (see 
“ Calcium Carbide Industry,” Vol. I., p. 638) : 


;\ 


Ca + 2 H 2 O = Ca(OH )2 + HC i CH. 


Acetylene is a colourless gas, sp. gr.0-92 (1 litre weighs 1-165 grams), -with 
a pleasant odour when pure and a disagreeable one when impure (as usually 
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obtained). At -f- 1® under a pressure of 48 atmos. it forms a highly refractive, 
mobile, colourless liquid, sp. gr. 0-451, and, on evaporating rapidly, partially 
solidifies in the form of snov", m.~pt. —81°. 

'One volume of acetylene gas dissolves in T1 vols. of water, or in J vol. of 
alcohol or in 20 vols. of saturated salt solution; 1 litre of acetone dissolves 
24 htres of acetylene, or 300 litres at 12 atmos., or about 2000 litres at —80°, 
its volume being then increased fourfold. Permanganate oxidises it, giving 
oxalic acid, and chromic acid acetic acid. 

It is an endothermic compound, requiring for its formation from its elements, 
61,000 cals. ; it is hence very unstable and is readily decomposed by the detona- 
tion of a mercury fulminate cap or by an electric discharge, developing as much 
heat as an equal volume of hydrogen on conversion into water. The explosion 
takes place much more readily and is much more dangerous with the compressed 
gas and still more so with the liquid. 

Acetylene decomposes at 780° and, when mixed with air, ignites at 480°. 
One cubic metre (T165 kilos) of acetylene, in burning, develops 14,350 Cals. 
(12,300 Cals, per kilo), whilst ordinary coal-gas gives about 5000 Cals. 

When mixed with air or, better, with oxygen it forms a detonating mixture 
which explodes with great energy in contact with an ignited body. The 
explosion is violent even with 1 vol. of acetylene and 40 vols. of air ; it reaches 
its maximum violence with 1 vol. of the gas and 12 vols. of air (2-5 vols. of 
oxygen), whilst scarcely any explosion but mere burning takes place with 1 vol, 
of acetylene and 1*3 vols. of air (as has been already stated on p. 34, ordinary 
illuminating gas only explodes when at least 1 vol. is present to about 20 vols. 
of air). 

Explosive mixtures of acetylene are more dangerous than those of coal-gas 
owing to the greater speed of propagation of the explosion (e. p., with 1 vol. of 
acetylene and 40 of air), the explosive force being thus increased {see section 
on Explosives); further, acetylene contains less hydrogen and hence forms 
less water, the condensation of the gases resulting from the explosion being 
consequently smaller. The wide limits of the explosive mixtures (from 2 *4 
to 130 vols. of acetylene per 100 vols. of air) are explained by the fact that this 
gas, being an endothermic compound, reacts or decomposes with great facility. 

In contact with copper, bronze, silver, etc., acetylene readily forms explosive 
aeetylides {see p. 110),^ but when perfectly dry does not attack metals. 

It was at first thought that acetylene, like carbon monoxide, was poisonous, 
but experiments made during the last few years have shown that animals do 
not die in an atmosphere containing 9 per cent, or, in some cases, even 20 per 
cent, of the gas. When, however, the acetylene is highly contaminated with 
sulphides and phosphides, it may be poisonous. 

With an ordinary gas-jet, acetylene burns with a reddish, smoky flame, 
but by passing the gas at a pressure of 60 mm. through two jets nearly meeting 
at an angle, a white, highly luminous, fan-shaped flame is obtained without 
the dark middle portion of the ordinary bat’s-wing coal-gas flame. 

One kilo of chemically pure calcium carbide should yield theoretically 349 litres of 
acetylene, and good commercial carbide yields practically 300 litres. The luminosity of 

^ The ready formation of metallic aeetylides, especially that of copper, led Erdmann (1907) 
to devise a rapid and exact analytical method for the direct quantitative preciijitation of copper 
from any solution and in presence of any metals (except Ag, Hg, An, Pd, and Os, which must be 
previously eliminated ) : the feebly alkahne solution of the, copper salt is reduced until decolorised 
with hydroxylamine hydrochloride, being then passed through and the precipitated copper 
acetylide collected on a filter, washed with water and pumped ofi ; together with the filter-paper 
it is introduced into a porcelain crucible, treated with 10 to 15 c.c. of dilute nitric acid (sp. gr. 
1-15) and eight to ten drops of concentrated nitric acid (sp. gr. 1-52), dried on a water-bath, 
heated rapidly to redness and weighed as Cut). The acetylene used for this precipitation should 
be washed with lead acetate solution. 
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acetylene in comparison with that of other substances has already been refeiTcd to on p. 64. 
A proportion of 2 vols. of air to 3 of acetylene gives the maximum luminosity, and at the 
present time special incandescent mantles are made for use with acetylene. 

The impurities present in ordinary acetylene (98 to 99 per cent, purity) are : X, XHo, 
CO, HgH, and PH3, the last three of which are poisonous. The gas is purified ])y passing 
it through an acid solution of a metallic salt. 

Lunge and Oederkreutz recommend chloride of lime (hj’pochlorite) for purifying acety- 
lene, care being taken that the mass does not heat, as this would be dangerous. Latterlj' 
it has been suggested to fix the PHg by passing the gas through concentrated sulphuric 
acid (64'' Be.) saturated with AsgOg. A good purifying material is made by preparing 
a paste of calcium hypochlorite, quicklime, sodium silicate, and powdered calcium carbide, 
this remaining porous when allowed to dry in the air. 

USES. When the great calcium carbide industry was started, it appeared as 
though acetylene would be used solely as a competitor of illuminating gas, electricity, 
petroleum, etc., but most of the acetylene is now employed in cutting metals, while 
calcium carbide is largely used for the manufacture of calcium cyanamide [see Vol. I., 
p. 371). 

The use of liquid acetylene would be very convenient, but is highly dangerous, since 
a sharp blow or other accident might easily produce a terrible explosion. 

It is still too expensive to employ in place of benzene for carburetting eoal-gas. Dis- 
solved in acetone (Claude and Hess, 1896 ), which dissolves a large quantity of it [vide infra ), 
it is used to. great advantage for the oxy-acetylene blowpipe in plaee of oxy- hydrogen. With 
the latter, for every cubic metre of oxygen 4 cu. metres of hydrogen are used 
practically (theoretically 2 cu. metres), whilst the same amount of oxygen burns 
with 600 litres of acetylene (theoretically 400 litres), which costs much less than 4 cu. 
metres of hydrogen. The oxy-acetylene flame exhibits at the centre a shining point, which 
has a temperature of 2800° to 3000°, and to weld iron sheets 1 mm. thick requires 50 to 75 
litres of acetylene per hour, 5 metres being welded in this time. 

With a slight excess of oxygen large tubes are easily cut and steel blocks perforated. 

Acetylene dissolved in acetone, especially if the solution is ab orbed by porous material, 
is not at all dangerous and may be transported in iron cj’linders. 

In moderate quantities acetylene dissolved in acetone is sold compressed in iron bottles 
capable of yielding 650 litres of the gas ; these bottles are convenient for lighting mines, 
railway carriages, automobiles, etc. In the United States 300,000 of such bottles were 
used in 1913, while in Germany 6000 were used for automobiles alone. 

Acetylene is utilised in the preparation of numerous chloro-derivatives which have 
various practical applications, e. <7., in the manufacture of indigo, acetaldehyde, acetic 
acid, and alcohol {see heJoiv). It is used also in the sjnithesis of thiophene (Steinkopf’s 
method ; see chapter on Thiophene), and also in that of rubber (according to Heinemann) ; 
when heated, a mixture of acetylene and ethylene condenses to bufandmie, CHg ; CH • CH : 
CHg’ being converted by methylation into isoprene, CH^ : ('(CHg) * CH : CE^, 
which is polymerised by concentrated hydrochloric ‘ acid with formation of mjntheiic 
rubber. . 

By repeated passage of a mixture in equal volumes of acetylene and hydrogen through 
tubes heated electrically to 650° to 800°, considerable polymerisation of the acetylene is 
effected with formation of about 60 per cent, of tar containing 20 per cent, of benzene, 
a certain amount of naphthalene, and a little toluene, anthracene, diphenyl, fluorene, etc. 
(R. Meyer, 1912). 

Large quantities of acetylene are decomposed by the electric discharge to make very 
pure hydrogen and lamp-black {see Vol. I., pp. 142, 458 ; aUo R. P. PicteLs Ger. Pat. 255,733, 
1909). 

The hope of manufacturing synthetic alcohol economically from acetylene had died out, 
but during the European War the enormous rise in the price of alcohol turned attention to 
this synthesis, although the industrial experiments which followed could not be sustained 
in normal times {see later : Alcohol). 

Even for engines it is still too dear to use. Acetylene can, however, be used conveniently 
with a rational plant and relatively small gasometers connected with iron tubes which carry 
the gas direct to the burners (when prepared from pure carbide), but it is necessary to 
avoid the use of copper or bronze in any part of the gasometers, pipes, and taps, in 
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order to avoid explosions, which are almost always due to the formation of copper 
acetylide.^ 

In testing the purity of acetylene the^only CLuantitative determination usually made is 
that of the hydrogen phosphide, which should not occur in greater proportion than 1 gram 
per cubic metre, since, besides being poisonous and having an unpleasant smell, it facilitates 
the formation of explosive metallic acetylides, (The estimation of the impurities in carbide 
is described in Vol. I., p. 639.) 

III. HYDROCARBONS OF THE SERIES, C„H 2„_4 and 

DIACETYLENE, C^Hg (Butandiine), CH : C • C : CH, is a gas and forms the usual 
metallic acetylides. 

DIPROPARGYL, C^Hg (Hexan-l : 5-diine), CH i C • CHg* CH^- C i CH, is isomeric 
with benzene, boils at 85°, and can take up 8 atoms of bromine. It is obtained from diallyl, 
CgHjQ, and readily forms metallic acetylides. 

HEXAN-2 : 4-DIINE, CHg • C : C • C : C* CHg, is also isomeric mth benzene. 

BB. HALOGEN DERIVATIVES OF THE HYDRO- 
CARBONS 

The Table on page 115 summarises the physical properties of the more 
important halogen derivatives of the hydrocarbons, the first column giving 
the hydrocarbon residue {alkyl) united vdth the halogen. 

1. HALOGEN DERIVATIVES OF SATURATED HYDROCARBONS 

PROPERTIES. Very few are gases, several are liquids, and those which 
contain many atoms in the molecule are solids. The iodo-compounds boil 
at higher temperatures than the corresponding bromo- and chloro-compoimds. 
They are very shghtly, if at all, soluble in water, but are readily soluble in 
alcohol, ether, and glacial acetic acid. 

Most of them burn easily, and ethyl and methyl chlorides colour the edges 
of the flame green. Some of them, containing few carbon atoms, produce 
anoesihesia, e. g., CHCI3, CHgClg, C2H3CI3, C2H5Br, .C2H5CI. 

Generally they do not react with silver nitrate, since these compounds are 
not dissociated in solution, and do not give free halogen ions {see Vol. I., pp. 
96 , 98 et seq.). In alcoholic solution, ethyl iodide gives a little precipitate in 
the cold, and ethyl bromide in the hot, whilst the chloride gives no precipitate 
at all, with silver nitrate. 

The bromp- and iodo-compounds exhibit great reactivity and effect the 
most varied and interesting reactions and syntheses; methyl iodide reacts 
the most readily of all, the reactivity diminishing with increase of molecular 
weight. 

The halogens of these compounds may easily be replaced by H (by sodium- 
amalgam, or zinc dust and hydrochloric or acetic acid). 

^ The numerous types of apparatus for generating acetylene may be divided into three groups : 

(1) Those where the carbide and water are in separate vessels communicating by a tube 
furnished with a tap which automatically opens more or less and so diminishes or increases the 
supply of the gas. To prevent the carbide, or rather the lime formed, from holding water and 
generating gas even after the tap is closed, the carbide is impregnated with an indifferent sub- 
stance, e. g., paraffin wax, stearine, oil, sugar (to dissolve the lime as calcium saccharate), etc. 
One inconvenience of this procedure is that at some places the carbide, in presence of little water, 
becomes excessively heated and may produce an explosion, which is dangerous if the gas is under 
pressure. 

(2) Those where the carbide is suspended at a certain part of the vessel containing the water; 
acetylene is then generated when the level of the water rises to the carbide and ceases automatic- 
ally when it falls. 

(3 ) Those where the carbide and water are separated, a small quantity of carbide being dropped 

into excess of _ water. This would be the most rational method, but is perhaps not the most 
convenient owing to the difficulty of powdering the carbide (often very hard) without allowing 
it to absorb moisture. 1 
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These derivatives may, to some extent, be transformed one into the other, 
e. g., the cliiorides into iodides by treatment vith KI or Caig, and the iodides 
into the fluorides (more volatile than the chlorides) by means of silver fluoride. 
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METHODS OF PREPARATION, {a) By the action of halogens on satur- 
ated hydrocarbons : chlorine and bromine react directly at the ordinary 
temperature on the gaseous hydrocarbons, and on heating with the liq[uid ones. 

The first halogen atom is fixed more readily than the succeeding ones, and 
the addition of iodine facilitates the reaction with bromine and chlorine, since 
the iodine forms, for example, ICI3, which readily gives nascent chlorine, IClg = 
ICl CI2 {i. e., it acts like SbClg, which yields SbClg + Clg). By saturating 
with chlorine and heating under pressure energetic chlorinations may be affected. 

Methane, ethane, propane, etc., exchange their hydrogen atoms one by 
one for chlorine atoms, the completely substituted compounds (C^Clg, CgClg, etc., 
and"especially the higher ones), on further energetic chlorination, being resolved 
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into other completely chlorinated compounds containing less numbers of carbon 
atoms : CaClg + Cl^ = 2CCI4 ; CgClg + Clg = C^Clg + CCI4, a little hexa- 
chlorobenzene, etc., being always formed as well. 

Iodine scarcely ever acts directly on the hydrocarbons, since the HI formed 
acts in the opposite sense on the iodo-products. The reaction proceeds only 
in presence of iodic acid or mercuric oxide, which fixes the hydriodic acid as 
it is formed. 

The iodo-compounds are easily obtained from zinc-alkyls and iodine. 

When the halogens act directly, the more energetic (F or Cl) replaces the 
weaker (Br or I). The iodo-compounds may, however, be easily obtained by 
first preparing the magnesium compounds of the alkyl chlorides or bromides 
and treating these with iodine : 

Alkyl-Mg-Cl + 12 = Aikyl-I + MgICl. 

(b) Unsaturaied hydrocarbons^ with the halogen hydracids, give saturated 
monosubstituted derivatives : C2H4 + HBr = CgH^Br, ethyl bromide, etc. ; 
if the halogens act directly, disubstituted saturated products are obtained : 
C2H4 + CI2 = C2H4CI2, ethylene dichloride. 

Propylene, CHg • CH : CHg, reacts with HI, giving iso'propyl iodide, 
CHg • CHI ‘ CHg, which is decomposed by alcoholic potash, yielding propylene ; 
normal propyl iodide, CHg * CHg ‘ CH2I, which also yields propylene when HI is 
removed from it, may thus be converted into isopropyl iodide. 

Similar behaviour is exhibited by the butyl iodides. 

The halogen always goes to the carbon atom united with the lesser number of 
hydrogen atoms : CHg • CH : CHg + HI = CHg • CHI • CHg. 

(c) The alcohols, C,,H2,j+iOH, with the halogen hydracids give : C,jH2,j^40H 
+ HBr == HgO + C„H2,i+iBr, but the reverse action also proceeds, and to 
limit this, excess of the halogen hydracid is used and the water formed is fixed, 
e. g., by addition of zinc chloride. 

Further, the chlorine of the phosphorus chlorides also replaces hydroxyl : 
PCI3 + 3C2H5OH = P(0H)3 + 3C2H5CI, ‘or, better, PCI5 + CgHgOH = POClg 
+ HCl + C2H5CI. This reaction is of importance for the preparation of the 
bromo- and iodo-compounds : 3CH3 * OH + P + 31 = SCHgl + H3PO3 ; the 
bromine or iodine first acts on the phosphorus to form PBrg or PI3, this then 
reacting with the alcohol. 

The polyhydric alcohols act in the same way; for example, glycerol, 
C3H5(0H)3, reacts with PCI5, giving trichlorohydrin, CHgCl • CHCl * CHgCl. 

The resulting halogenated products are easily separated by distillation, 
as the phosphorous acid does not 'distil. In these, as in most other chemical 
reactions, secondary products are always formed ; these are often very complex, 
and form viscous resins of unlmown composition. 

{d) The aldehydes and ketones yield disubstituted products : for example, 
ethylidene chloride,, CHg * CHClg, is obtained from acetaldehyde, CHg * CHO, 
anddichloropropane, CHg • CClg * CH3, from acetone, CHg-CO’CHg, by the 
action of PCI5. 

METHYL CHLORIDE (Chloromethane), CH3CI. This is prepared by 
passing hydrogen chloride into boiling methyl alcohol containing half its weight 
of zinc chloride in solution, or by heating 1 part of methyl alcohol with 3 parts 
of concentrated sulphuric acid and 2 parts of concentrated hydrochloric acid. 
Industrially it may be obtained by heating methyl alcohol and crude, concen- 
trated hydrochloric acid together in an autoclave, the mass issuing from the 
hot autoclave as gas being washed with water and concentrated hydrochloric 
acid and the residual dry chloromethane liquefied by cooling at the pressure of 
the autoclave itself. Douane (U.S. Pat. 777 , 41 ) 6 ) suggested an apparatus for 
continuous manufacture. 
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It is also obtained to-day in appreciable quantity, by the old Vincent process, 
from the final residues of the beet-sugar industry, which are evaporated and 
then dry-distilled. In this way an abundant quantity of trimethylamine is 
formed; this is neutralised vith HCl, and the hydrochloride distilled at 300 ^ 
A regular evolution of methyl chloride and triinethylamine is thus obtained : 

3K (CH3)3HCi = 2CH3CI 2K(GH3)3 CHg * HCi. 

Tritni.-tiiyianunwiiydro- Trimenyl- Mptiiylaniine hydro- 

chlorido i chloncle fresiaui*) 

The chloromethane, distilled as a gas, is purified with HCl, dried with CaCig, 
and liquefied in steel cylinders under pressure, just as is done with carbon dioxide 
(VoL L, p, 480). 

It is a colourless gas of ethereal odour, and at — 24*09° becomes liquid, then 
having the sp. gr. 0*952 (at 0°). Water dissolves one-fourth of its volume, 
and alcohol rather more. It burns with a green-edged flame. 

In the liquefied condition it is used as a local anaesthetic ; it is used also 
to extract perfumes from flowers, and in considerable quantities for the manu- 
facture of dyestuffs (methyl green), especially for methylation, but the greatest 
amount is employed in cooling machines. In France there are about 100 ice- 
machines W’hieh use methyl chloride instead of liquefied KHg, COg, or SO2. 
In brass cylinders containing from 1 to 30 kilos it is sold at 11a. to 14s. per 
kilo, in addition to the cost of the cylinder, w'hich is '20s. for the 1-kilo, 2ds. %d. 
for the 3-ldlo, and £3 16s. for the 30 -kilo size. 


METHYL IODIDE, CH3T, is preimred from methyl aleohol, phosphorus, and iodine 
as described later for ethyl iodide. It is a liquid of sp. gi*. 2-293, boiling at 45° ; with excess 
of water at 100° it is decomposed into Iwdrogen iodide and methyl alcohol. 

ETHYL CHLORIDE (Chloroethane), CgHgCl, was termed by Basil Valentine “ Spiritus 
salis et vini,” or spirit of sweet wine. It is obtained from ethane and chlorine, or by passing 
hydrogen chloride into a solution of zinc chloride and ethyl alcohol. It is formed also as 
a secondary product in the manufacture of chloral. It boils at -f 12-2° and burns with a 
flame having green edges. It is a local anaesthetic and is soluble in alcohol, but only slightly 
so in water. It costs from Ls. Id. to 45. per kilo in metal cylinders containing 1 to 30 kilos. 

ETHYL IODIDE, CgHgl, is prepared by digesting 10 grains of red phosphorus with 80 
grams of absolute alcohol for twelve hours and gradually adding 100 grams of iodine ; the 
mixture is then heated for tw'o hours under a reflux condenser and the ethyl iodide distilled 
on the w'ater-bath, w’ashed with dilute alkali and with water, and dried by means of calcium 
chloride. When yellow instead of red phosphorus is used, much less of it is required and 
the reaction is more rapid, boiling being unnecessary; yelloW' phosphorus is, how^ever, 
inconvenient to wnrk with. From 3 to 4 kilos of ethyl iodide are obtained from 3 kilos of 
iodine. According to Ger. Pat. 175,209, ethyl iodide is obtained quantitatively if diethyl 
sulphate is slowly added to the calculated amoimt of hot potassium iodide solution. It 
boils at 72-3° and has the sp. gr. 1-944 (at 14°) ; it is highly refractive and dissolves in alcohol 
or ether. It'decomposes when heated with water at 100°. Chlorine converts it into ethyl 
chloride and bromine into ethyl bromide. In the light it slowly decomposes with separation 
of iodine, which colours the liquid brown, but it remains colourless in presence of a drop 
of mercury. It is used as an inhalation for the treatment of asthma. It costs about 285. 
to 325. per kilo. 

ETHYL FLUORIDE, CgH-F, is liquid at —48°, burns with a blue flame, and does not 
attack glass. 

From PROPANE tw^o series of isomeric compounds are derived : CHg - CH^ - CSfS., 
prepared from normal propyl alcohol, and CHg • CHX • CH3, derived from isopropyl alcohol, 
and hence from acetone. 

ISOPROPYL IODIDE (Iodo-2-propane) CHg • CHI • CHg, is obtained from glycerol, 
phosphorus and iodine, small amounts of allyl iodide and propylene being also formed. 

The butyl compounds occur in four isomeric modifications : 

NORMAL BUTYL IODIDE (lodo-i-butane), CHg • CH, • CH, • CKI. 

SECONDARY BUTYL IODIDE (Iodo-2-butane), CHg • CH^ - CHI • CH3. 
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CH 

ISOBUTYL IODIDE (Methyl- 24 odo- 3 -propane), ‘ CHgT. 

CH 

TERTIARY BUTYL IODIDE (Methyl-2-iodo-2-propane), CHg 

The constitutions of the four isomerides are deduced from those of the corresponding 
butyl alcohols, from which they are obtained by the action of hydriodic acid. ■ 

Of the AMYL derivatives eight isomerides are known. 

METHYLENE CHLORIDE (Dichloromethane), CHgClg, bromide and iodide {see Table, 
p. 115). 

ETHYLENE COMPOUNDS, CHgX - CHgX, are formed from ethylene by the addition 
of halogens or from glycol, C 2 H 4 ( 0 H )2 and halogen hydracids. 

ETHYLIDENE (or Ethydene) COMPOUNDS, CH^-CHXg, are obtained by sub- 
stituting the oxygen of the aldehydes by halogens. 

ETHYLENE CHLORIDE (Dichloro-l : 2-ethane), GH 2 CI • CHgCl {Diiich liquid, 1795) 
boils at 84°. The IODIDE, BROMIDE, and CHLORIDE with alcoholic potash give 
acetylene and glycol. 

ETHYLIDENE CHLORIDE (Ethydene chloride or Dichloro-i : i -ethane), 
CHg • CHClg, is obtained from aldehyde and phosgene : CHg • CHO -f COClg == COg + 
CHg • CHClg, chloral {which see) being also formed; it boils at 57°. 

CHLOROFORM (Trichloromethane), CHClg. Chloroform was discovered 
by Liebig and Souberain and its constitution shown by Dumas in 1835. 

It is a colourless liquid with a sweet ethereal smell and taste ; it dissolves 
only to a slight extent in water (0*7 per cent.), but is soluble in alcohol or ether. 
It boils at 61*2'^, and its vapour pressure at 20 *" is 160 mm. of mercury; its 
specific gravity is 1*5263 at 0° and 1*500 at 15°, referred to w^ater at 4°. 

It is non-inflammable, and it dissolves resins, rubber, fats, and iodine, with 
the last of which it gives violet solutions. 

Chromic acid transforms chloroform into 'phosgene (COClg), while potassium 
amalgam gives acetylene. With potassium hydroxide it gives potassium 
formate and chloride : 

CHCI 3 -f 4KOH = 3KC1 + H * CO 2 K -]- 2 H 2 O. 

With ammonia at a red heat it gives hydrocyanic and hydrochloric acids : 

CHCI 3 + NHg = HCN + 3HC1. 

Exposed to hght and air, it decomposes partially into Cl, HCl, and COCI 2 , 
but it can be kept in yellow bottles, while that for pharmaceutical use keeps 
better if 1 per cent, of absolute alcohol is added. The presence in it of more 
than 1 per cent, of alcohol is shown by shaking the chloroform in a test-tube 
with a granule of pure permanganate, a yellowish-brown spot forming round 
the latter and also on the glass where it rests. 

It is the most efficacious ancesthetic (Simpson, 1848), but in some cases 
may cause death if not used with great care, since it acts on the heart ; to 
diminish this effect, it is mixed with atropine or morphine.^ The harmful 

^ Prom coal-tar products various ancesthetics or hypnotics are produced syntliotically, and 
these have been of great service to medicine, especially to surgery, rendering possible the execution 
of the most complicated operations without any pain to the patient. At first substances were 
used which produced general ancesthesia of the organism, but they were accompanied by many 
inconveniences, sometimes by fatal results. 

Indeed, the anaesthetic is transported by the blood into contact with the higher nervous centres 
by which pain is felt, producing poisoning and paralysis of them, often lasting for some time ; 
at the same time an influence is felt by the centres controlling the action of the heart and of respira- 
tion, this being the cause of the danger and disturbance produced by general anassthesia. The 
nerve-currents start from the periphery, from the points where the surgical operation is to begin, 
and are transmitted to the brain, which transforms them into painful sensations, and it is by 
influencing the cerebral centres by ansesthetics that pain is avoided ; anesthesia ceases, however, 
to be dangerous if the peripheral nervous centres at the beginning of the nerve-currents are 
paralysed without the latter reaching the brain. Thus local ancesthesia is much more rational 
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effects of cliloroforni are due sometimes to its decomposition prodnet>s, especially 
to phosgene, COClg- 

The use of chloroform has been suggested to render pigs insensible, so as to 
kill them painlessly and to skin them more easily. Also, in fattening them, 
they are subjected to periodic inhalations of chloroform, wMch renders them 
more restful. 

Chloroform is sometimes used for dissolving rubber and gutta-percha, for 
extracting alkaloids and ethereal oils, and, together with acetone and alkali, 
for preparing acetone-chloroform or cMoreione, which has a slight camphor-like 
odour, melts at 80° to 81°, and serves as a hypnotic, as a local ansesthetic and 
as an antiseptic. 

PREPARATION. It is prepared from (1) ethyl alcohol or ( 2 ) acetone, by heating 
with chloride of lime and water. In the former case there is always an appreciable evolution 
of COg, which originates in the oxidation of the alcohol, and liberates HCIO and so forms 
aldehyde and hence chloral, CCIg * CHO, this, in presence of lime, yielding chloroform and 
calcium formate : 2 CCI 3 * CHO + Ca(OH )2 = 2 CHCI 3 "V ^^(HCOglg- If the decomposition 
of the hypochlorite is rapid, evolution of oxygen may occur. 

The reaction taking place in the industrial process is perhaps best interpreted by the 
equation : 402^5 ' OH -f IbCaOClg == aCaiHCOgl^ + ISCaCIg + SHgO -f 2 CHGI 3 . With 
acetone the reaction would be as follows, trichloroacetone being formed as an intermediate 
product : 2 CH 3 • CO • CH 3 -h 6 CaOCk = Ca(OoH.>Oo )2 (calcium acetate) -f 2 CHCL + 
3CaCl2+ 2 Ca(OH) 2 . - - - 

In a very pure form for pharmaceutical use it is obtained by treating chloral vnih aqueous 
caustic soda solution, sodium formate being also formed : 

CCk NaOH = CHCI3 A H • 

To obtain very pure chloroform from the impure product, Anschutz treats the latter 
with salicylic anliydride, CgH^COg, which forms a crystalline mass only with chloroform, 
(CgH^C 02 ) 4 , 2 CHCI 3 ; this, after separation from the mother-liquor, is heated on the w’ater- 
bath, when pure chloroform distils off. 

Pictet Chloroform is pure chloroform obtained from the commercial product by 
freezing it at — 80° to — 120 °; the impurities remain in the liquid, the crystals giving 
pure chloroform. 

INDUSTRIAL PREPARATION. A considerable amount of chloroform is prepared 
even to-dayiroin chloride of lime and alcohol, but the latter should not contain fusel oil. 

In America, F. W. Frericks suggests the arrangement shown in Fig. 104 for the manu- 
facture of chloroform. In the boiler B 550 litres of 94 per cent, alcohol and 2550 litres of 
water (giving 20 per cent.of alcohol in the mixture) are heated by a steam coil to 60° to 70°, 
a fluid paste (free from lumps) prepared in the tank A (furnished with a stirrer) from 500 
kilos of chloride of lime (35 per cent, of available chlorine) and about 1000 litres of water 
being then run in continuously through the funnel a and tube 6 to the bottom of B. The 
reaction is instantaneous, and when all the hypochlorite has been added, the temperature 
is maintained at 60° {B being jacketed) until the whole of the chloroform is distilled off 
and condensed in the coil G ; the distillation is followed either by means of a hydrometer 
under the bell- jar e, through w’-hich the condensate passes, or by diluting a sample with water : 

and less dangerous, since the insensibility extends only to one organ or one region of the subject 
of the operation. 

So that, to chloroform, ether, etc., w'as added, in 1885, cocaine, which paralyses only the sensitive 
peripheral nerves without influencing the motor nerves. By studying anaesthetic and hypnotic 
substances chemists w’ere able to determine what specific atomic groups produced anaesthetic 
properties in a molecule. Thus, with many of these substances, it w^as found to be the hydroxyl 
group w^hich induced sleep, especially when iti.s united to carbon joined at the same time to several 
alkyl groups ; replacement of the hydroxyl by other groups resulted in the disappearance of 
the anesthetic properties. Also various amino-acid groups, under certain definite conditions, 
give rise to ansesthetics. To enumerate all the members of the vast group of ansesthetics which 
chemistry has placed at the disposal of surgery w'ould be out of place here, but the following 
few examples may be mentioned : a-eiicaine, ^-eucaine, orthofor^n, alifine, holocaine, and, on 
the other hand, sulphonal {see later), trioml, dormid, Tiedoml, veronal (see later), etc. Other 
properties of ansesthetics are described in Part III, in the section on Alkaloids. 
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no chloroform should separate. The chloroform is then drawn off through the tap d and 
the distillation continued at a temperature above 60°, the alcohol passing over being col- 
lected in D and then passed into JE ; this distillation is stopped when the distillate contains 
less than 2 per cent, of alcohol. The concentration and quantity of this dilute alcohol 
(about 1800 litres) are determined, the liquid being then forced through the tube g into B, 
which has been previously emptied through h. Further alcohol is then added to give the 
amount first used, and a second operation with 500 kilos of calcium hypochlorite carried out. 

By this process 100 kilos of pure chloroform are obtained on the average from 1022 kilos 
of calcium hypochlorite (with 35 per cent, of available chlorine) and 77 kilos of 94 per cent, 
alcohol, whereas with the proportions of reagents formerly in use as much as 100 kilos of 
alcohol and 1300 kilos of hypochlorite were consumed. 

In recent years successful use has been made of the method of making chloroform from 
acetone, which is now obtainable cheap and very pure (quite neutral and with less than 
0-06 per cent, of aldehyde), the chloroform thus prepared being highly pure. Except for 
the reaction vessel, the plant is similar to that of the alcohol process. This vessel is fur- 
nished, besides with a jacket, with an efficient stirrer and, iri its upper part, with a perforated 

or gauze disc to break the froth, since the 
reaction is at first rapid and, if not regulated, 
may become violent and dangerous. To the 
mixture (free from lumps) of calcium hypo- 
chlorite (250 kilos) and water (800 litres), 
heated to 50° in the boiler, is slowly (in 
about an horn.’) added 28 litres of acetone, 
the mass being cooled to prevent the tem- 
perature from exceeding 55° at first, and 60° 
at the end of the addition. The condensed 
cliloroform of sp. gr. T5 is collected, while 
that finally distilling over vith sp. gr. 1-45 
(by heating to 85°) is set apart for the 
succeeding operation, as it contains a little 
■acetone. The crude chloroform obtained is 
washed with a little water and sodium 
carbonate, then stirred with one-third of its 
volume of water and decanted from the 
latter, and afterwards washed two or three 
times, in a lead-lined vessel fitted mth. a stirrer, with a little 66° Be. sulphuric acid 
until the acid is no longer turned brown. After the acid has been thoroughly removed 
from the chloroform, this is w;ashed with water, dried over CaCIg, and distilled from a copper 
still. The washing with water and the drying may bo omitted" the chloroform being then 
distilled with a little soda to neutralise traces of acid and the first and last portions of the 
distillate kept separate. The bulk of the chloroform distilled is highly pure and the yield 
is 205 kilos of a crude product from 100 kilos of acetone and 1110 kilos of hypochlorite 
(about 34 per cent, of active Cl) ; 175 kilos of pure chloroform ^ are obtained. 

1 TESTS FOR CHLOROFORM. IMinute quantities of chloroform may bo detected by 
heating a little of the liquid gently with a few drojis of aniline and of alcoholic potash solution, 
the characteristic repulsive odour of phenylcarbylamino (phenyl isocyanide) being formed. Pure 
chloroform for medicinal use should not be acid or give a precipitate with silver nitrate solution 
or redden potassium iodide solution ; on evaporation it should not leave a residue of w^ater or 
odorous substances, and it should not darken with concentrated sulphuric acid. To test for 
the presence in it of carbon tetrachloride, 20 c.c. are treated with a solution of 3 drops of aniline 
in 5 c.c. of benzene ; turbidity or separation of crystals of phenylurea indicates with certainty 
the presence of the tetrachloride. To ascertain if it contains alcohol it is treated vdth a very dilute 
potassium^ permanganate solution, which is decolorised in presence of this impurity. 

Its estimation is effected by treating a given weight with Fehling’s solution {see under Sugar 
Analysis) and heating the mixture in a dosed bottle on a water-bath for some hours (until the 
odour of chloroform disappears), the cuprous oxide, formed according to the equation, CHClg + 
2CuO -j- 5KOH = KgOOg -f SHgO + 3K.C1 -f- CuoO, being '-weighed. One molecule of chloro- 
form corresponds -with 2 atoms of copper. 

It may be determined also by heating with alcoholic potash in a reflux apparatus on the water- 
bath; it is then diluted with water, the alcohol distilled off, and the potassium chloride formed 
(together with potassium formate, see preceding page) titrated with a standard silver nitrate 
solution. This method serves for the estimation of all alhyl-halogen compoimds. 
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During recent years the industrial preparation of chloroform lias again been attempted 
by electrol\’sing an aqueous solution of KCl (20 per cent.) into which alcohol or acetone 
is slowly introduced; if the temperature is kept at about 60", the cliloroform distils off as 
it is formed. In this process 1 h.p.-hour is consumed to produce 40 gi’ams of chloroform 
(L. Zambelleti, 1899). 

According to tlie Besson process (Ger, Pat. 129,237), continuous production and a good 
yield are obtained by heating, in a vessel divided into cells comnmnicating below, alcohol 
previously chlorinated to the sp. gr. 35'^ Be. with chloride of lime and alkali in the hot. 

Attempts have been made to prepare chloroform industrially by reducing carbon 
tetrachloride in the hot with nascent hydrogen : CGl^ -f = HGl V CHClg, but the 
product is contaminated with CCl^ and CSg (used in making the CCl^) which are eliminated 
with difficulty. 

Erlworthy and Lange (Fr. Pat. 354,291, 1905) propose to produce chloroform from 
methane and chlorine diluted with indifferent gases (X, CO^) by subjecting the mixture 
to the action of light in suitable retorts : -f- 6C1 = 3HC1 -f- CHClg, but the process 

has apparently not been applied in practice, although in 1913 imja'oved results ■were obtained 
with ultra-violet rays. 

The pre-war price of industrial chloroform was about £8 per 100 kilos ; redistilled cost 
2s. lOfh per kilo; the pharmacopceiai preparation 2s. 2d.; puriss. from chloral, 6s. od. to 
9s. Id.; Pictet’s, 12s. per kilo, and that of Anschutz lOrZ. per 50 grams. Part of the 
chloroform consumed in Italy is imported from abroad, the Italian outi)ut prior to the war 
being about 10 tons per annum. 

In 1909 Germany exported 150 tons of chloroform, while Great Biitain imported 
16 cwt. and exported 14 cwt. in 1910. The United States imported 8 cwi. in 1910. 

IODOFORM (Tri-iodomethane), CHD, "was discoTcred by Senillas in 1822, 
and it's constitution was established by Dumas who, unlike his predecessors, 
did not overlook the very small proportion of hydrogen (0*25 per cent.) present. 

It is formed by heating ethyl alcohol or acetone with iodine and sufficient 
alkali hydroxide or carbonate to decolorise the iodine {Lieh&is reaction ) : 

C 2 H 5 OH + 81 + 6 KOH = CHI 3 + H • COOK 5KI + 0 H 2 O. 

This reaction (separation of yellow crystals and formation of a character- 
istic odour) is so sensitive that it serves for the detection of minute traces 
(1 : 2000 ) of ethyl alcohol or acetone in other liquids (w^aiting twelve hours 
for the separation of crystals if the amount of alcohol is small) ; the same 
reaction is, how'ever, given by isopropyl alcohol, acetaldehyde (and by almost 
all compounds containing the group CHg ' CO '), but not by methyl alcohol, 
ether, or acetic acid. 

For the practical preparation of iodoform 32 parts of RgCOj a-re dissolved in 80 parts 
of water and 16 parts of alcohol, the mixture being heated to 70" and 32 parts of iodine 
gradually added. The separated iodoform is filtered off and the iodine of the potassium 
iodide in the filtrate utilised as follows : 20 parts of HCl are added and 2 to 3 parts of 
potassium dichromate, the liquid being then neutralised with KgCOg, mixed with a further 
32 parts of KgCOg, 16 parts of alcohol and 6 parts of iodine. On heating, a second quantity 
of iodoform separates, and after this or another similar operation the mother-liquor is 
treated to recover the iodine from the potassium iodide. 

It has been proposed to prepare iodoform by treating the metallic acetylides {see p. 110) 
with iodine and caustic soda. 

It seems that practical use is now' made of the electrolytic process, using a bath of 
6 parts KI, 2 parts soda, 8 vols. alcohol, and 40 of w'ater at 60° to 65°. The iodine to be 
used in the reaction is set free at the anode, and to avoid the formation of a little iodate 
with the KOH formed at the cathode the latter is enclosed in parchment paper. 

Wben pure, iodoform crystallises in hexagonal, yellow plates (sp. gr. 2), 
insoluble in water but soluble in alcohol or ether. It has a penetrating and 
persistent odour, recalling partly that of saffron and j)artly that of phenol. 
It melts at 119°, readily sublimes, and is volatile in steam. When heated -with 
either alcohol or reducing agents, it gives methylene iodide. 
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It is used in surgery as an important antiseptic, which, however, acts 
indirectly on bacteria by means of the decomposition products formed from 
it under the action of the pus of wounds or of the heat of the body. 

TESTS FOR IODOFORM. It should leave no residue on sublimation and should 
dissolve completely in alcohol or ether. It is estimated by heating about 1 gram with 
about 2 grams of silver nitrate and 25 c.c. of concentrated nitric acid (free from chlorine) 
in a reflux apparatus so that the liquid does not boil; when the nitrous vapours have 
disappeared the liquid is diluted with water to 150 c.c. and heated, the silver iodide being 
collected on a tared filter, dried and weighed : 1-789 grams Agl corresponds with 1 gram 
iodoform. 

Owing to its disagreeable odour, it has been to some extent replaced latterly 
by Xeroform, which is a trihromophenoxide of bismuth, CgHaBrgO ' OH, BigOg, 
obtained by the action of bismuth chloride on sodium tribromophenoxide, and 
forming a tasteless, odourless, yellow powder insoluble in water or alcohol; 
it is used also as a disinfectant for the intestines, and costs 445. to 485. per 
kilo, whilst iodoform costs only 245. to 285. a kilo. 

CARBON TETRACHLORIDE (Tetrachloromethane), CCl^ (see Vol. I., p. 470). 

POLYCHLORO-DERIVATIVES OF ETHYLENE AND ETHANE.^ Asymm. 

^ Since 1908 (Ger. Pats. 196,324, 204,516, 204,883, etc.), the Chemischo Fabrik Grioshoim- 
Elektron of Frankfort, and the Usines electriques do la Lonza of Geneva have placed on the 
market, as non-inflammable solvents for industrial purposes, six chlorinated compounds obtained 
as colourless liquids by the action of chlorine on acetylene. They are all good solvents for fats, 
resins, rubber, bitumen, sulphur, etc., and can replace advantageously benzine, carbon disulphide, 
and alcohol, since they are not inflammable and their vapours do not form explosive mixtures 
with air ; over carbon tetrachloride they have the advantage of not attacking the metal parts 
of the extraction apparatus, and the loss on extraction varies from 0-3 to 0-8 per cent.; they 
are, however, dearer than the ordinary solvents and seem to bo injurious to health. Acetylene 
tetrachloride {tetracMoroethane) was prepared in 1903 by the Consortium fiir elektroohomische 
kidustrie of Nuremberg (Ger. Pat. 154,657) by the interaction of acetylene and chlorine in 
presence of antimony chloride as catalyst. Dichloroethylene, used in the manufacture of thio- 
indigo, is formed quantitatively from tetrachloroethane by the action of ordinary metals in the 
hot in presence of a little water (Ger. Pat. 217,554). Trichloroethylene is obtained from tetra- 
chloroethane by heating it with lime (Ger. Pat. 170,900); by treatment of the products gradually 
forming with lime and chlorine alternately, C 2 HCI 5 , C 2 CI 4 and C 2 CIC (solid) may be prepared. 

With trichloroethylene various organic syntheses may be ejected. Thus, with sodium 
ethoxide it yields dichlorovinyl ether, O 2 HOI 2 * UC 2 H 5 ; this, in its turn, exhibits marked reactivity, 
and on addition of Cl or HCl gives saturated products which, on distillation, liberate ethyl chloride 
and form mono- and di-cUoroacetyl chlorides, C 2 H 2 CI 2 O and C 2 IICI 3 O. With water in presence of 
a trace of HCl (as catalyst) at the ordinary temperature, dichlorovinyl ether gives quantitatively 
ethyl cliloroacetate, CH 2 CI • COO.C 2 H 5 (Ger. Pats. 210,502 and 216,716), which was first obtained 
from acetic acid and is now more economically derived from acetylene ; it is used in numerous 
important syntheses, including that of indigo. 

The properties of these compounds are given in the folloAnng Table : 



Dichloro- 

ETHYLBXE 

Trichloro- 

ethylene 


CaHaOIa 

C 2 HCI 3 

Oommoii name . 

Dieline 

Tricline 

Specific graTitj . 
Boiling-point 

Vapour pressure at 20° 
Specific heat at 20° . 

Heat of evaporation . 
Freezing-point . 

1-278 (1-25) 
52° (55) 

205 mm. 
0-270 - 
41 cals. 

1-471 

85° ( 88 ) 

56 

0-223 

57-8 
- 73° 

Uses and properties . 

Keadily dis- 
solves rub- 
ber 

Dissolves fats, 
paraffin wax 
and vaseline 
better than 
benzine 

Ger. Pats. 201,705 
204,516 
216,070 
254,068 


Ger. Pats. 
171,900 
206,854 


TKTRA- 

Tetra- 

Pknta- 

Hexa- 

CliLORO- 

CIILORO- 

CIILORO- 

CULORO- 

ETHYLENE 

ethane 

El'HANE 

ETHANE 

C’2014 

C 2 H 2 OI 4 

C 2 HOI 5 

CgOIe 

Etiline 

Tetrahne 

Dental ine 


1-628 

1-600 

1-683 (1-70) 

2 

119° (121) 

144° (147) 

159° 

(185°) 

17 

11 

7 

0-216 

0-268 

0-266 



50 

52-8 

45 



- 19° 

-30° 

- 22 ° 

_ 

Sen’^es well 

Dissolves re- , 

E-cadily dis- 

Has an 

for remov- 

sms and var- 

solves cellu- 

odour like 

ing spots 

nishes, like 
turpentine 

lose acetate 

G a m p li 0 r, 


for artificial 

and serves 


and alcohol 

silk and 

as an insec- 

1 

and dissolves 
cellulose ace- 
tate for films 
and artificial 
silk 

cinom ato- 
grtiph films 

ticide 

1 


Trichloroethylene, C 2 HCI 3 , is used also as a non-inflammable solvent in chemical cleaning 
works, in the manufacture of oils and fats, in making lacs, and in one of the syntheses of indigo : 
with sodium ethoxide it gives dichlorovinyl ether, which with water yields ethyl chloroacetate,' 
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HEPTACHLOROPROPANE was prepared in 1910 by Boeseken and Prins from tetra- 
chloroethylene and chloroform in presence of aluminium chloride as catalyst. 

II. HALOGENATED DERIVATIVES OF UNSATURATED 
HYDROCARBONS 

These are obtained from saturated halogen derivatires by partial elimination of the 
halogen hydracid : CgH^Br^ = HBr CgHgBr. They are formed also by incomplete 
saturation, with halogens or halogen hydracids, of the less saturated hydrocarbons : 
^ 2^2 + — CgHgBr [see Table in footnote). 

Bromoacetyhne, CH ; CBr, is a gas liquefying at — 2° and ignites spontaneoush- in the 
air. It gives brilliant luminescent effects, even if mixed with air. It ozonises atmospheric 
oxygen, but the latter is not ionised, as is the case with phosphorus. 

The allyl compounds, CgH^X, are formed from allyl alcohol by the action either of 
halogen hydracid or of phosphorus and halogen. 

ALLYL CHLORIDE (Chloro-g-propene-i), CH^ : CH • CHgCl; the bromide and iodide 
have analogous constitutions. These are related to the natural allyl compounds (garlic 
oil and mustard oil). Two stereoisomerides are known; 

H—C—Cl H— C— Cl 

a-chloroproiiyUne, j{ and ho-(i-cliloroproi>ylene^ ji 

H-C—CHg CHg-C— H 

TETRABROMOETHANE, CHBr 2 • CHBr 2 (improperly termed acetylene bromide) is 
- prepared industrially in the impure state bypassing bromine in at the top of a cooled earthen- 
ware coil and acetylene in at the bottom, the liquid product collecting at the bottom : C'gHo 
+ SBrg = CgHgBr^ -f- 64 cals. It boils at 215° with partial decomposition and does not 
solidify at — 20°. It contains 92-5 per cent, of bromine and has a high specific gravity 
(2*943), and on this account is used for the mechanical separation of mineral components; 
thus large quantities are employed to separate diamonds (sp. gr. 3*35) from the sands of 
Western Africa (sp. gr. 2*4). It is despatched in vessels similar to those used for bromine. 
It is obtained pure by treatment with alcohol and zinc dust, which converts it into 
dibromoacetylene ; the latter is then purified by distillation and transformed into the 
tetrabromo- compound by means of bromine. 


CC. ALCOHOLS 

These form an important group of organic compounds containing one or 
more characteristic hydroxyls, the hydrogen of w'hich has pronounced reactive 
properties, so that humerous series of other compounds are derived from the 
alcohols. They have a neutral reaction, although their chemical behaviour 
is analogous to that of the inorganic bases which always contain the anion 
OH'. The majority of these alcohols are colourless liquids, but those of 
high molecular weights are oily, solid, and sometimes yellowish. The first 
members of the series are soluble in w^ater, but vith increase of molecular 
weight the solubility decreases and the smell, generally slight, also tends to 
disappear. They are often found in nature either free or combined with 
organic acids, in the fats, waxes, fruits, essential oils, etc. 

According to the number of hydroxyl groups they contain, they are divided 
into mono-, di-, . . . polyJiydric alcohols, and may belong either to the saturated 
or to the unsaturated series — ^already studied in connection with the hydro- 
carbons — of which they retain the fundamental characters; added to the 
latter are those characteristic of the alcoholic group, which w^e shall study 
generally with the monohydric alcohols. 


and this, with aniline in presence of calcium carbonate, forms the ethyl ester of phenylglycine ; 
with potassium carbonate the latter gives the corresponding potassium salt, which gives rise to 
indigo on condensation with calcium silicide [see Vol. L, p. 500). 

The existence of ois- and trans -stereoisomerides of symmetrical dicliloroethylme, CHCl : CHCl, 
appears proved. 
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1 . SATURATED MONOHYDRIC ALCOHOLS 

•The specific gravity of these is always lower than that of water, and up to 
the Ci6 memher they distil unchanged at the ordinary pressure ; beyond that 
reduced pressure must be employed. 

That alcohols always contain a hydroxyl gi'oup, OH, may be shown by the following 
chemical reactions : 

The alcohols may be obtained by the action of silver hydroxide, Ag ■ OH (which 
certainly contains the group OH), or even of the alkalis or hot water, on halogenated 
hydrocarbons : C^Hg^+iI -f AgOH = Agl + Cj^Hg^ji^OH. 

With the halogen hydracids the hj^'droxyl separates from the alcohols in the form of 
water : C^.Hg^+iOH + HBr = H2O + ; the same happens with oxyacids, 

the so-called esters being formed: C^H^^+jOH + HNO3 = HgO -f C,^H2„4.iN03. Just 
as sodium and potassium react with water, liberating hydrogen, so do they act on the 
alcohols, from which only the tyfiml hydrogen (hydroxylic), not united directly to carbon, 
is eliminated : + Na = C,,H2„+ ^ONa {sodium glhoxide) + U, Magnesium 

alkoxides are also easily obtained. With phosphorus trichloride, however, the hydroxyl 
group is eliminated : 

3C„H2„ + iOH -h PCl3= 3CA,^.iCl + P(0H)3. 

On p. 17 the difference in constitution between ethyl alcohol and methyl ether has 
been demonstrated. 

If the hydroxyl group occurs in place of a hydrogen atom in the methyl group ( — CHg) 
at the extremity of the hydrocarbon chain, the prmary alcohols are obtained, all con- 
taining the characteristic group — CHg • OH ( i. e., — * e. g., propyl alcohol, 

CHa ■ CHg • OH, and by oxidation of these alcohols are formed first aldehydes with 


the characteristic group 


, and then acids with the characteristic carboxyl 


group — COOH [i.e., ). Substitution of a hydroxyl for a hydrogen atom in an 

OH^ 

intermediate methylene group ( = CHg) in the saturated hydrocarbon chain yields seco 7 idary 
alcohols, which have the characteristic grou ' ’ ^ and on oxidation 

give ketones containing the special group ]>CO. Finally the substitution of the hydrogen 
of a branched hydrocarbon may take place in the meihinic group (=CH), giving tertiary 
alcohols with the characteristic grouping • OH, the other three valencies of the carbon 
being united to thi’ee carbon atoms. When the secondary alcohols ai'e oxidised they 
cannot give either acids or ketones with an equal number of carbon atoms, but, if the 
oxidation is energetic, the chain breaks, and then acids and ketones may be formed, but 
with less numbers of carbon atoms. 


According to B. Neave (1909), primary, secondary, and tertiary alcohols 
may be distinguished by the Sabatier and Senderens reaction {see p. 35), by 
passing the vapour of the alcohol over finely divided copper heated at 300° : 
the primary alcohols form hydrogen and aldehydes (recognisable by Schiff’s 
reaction; see section on Aldehydes), the secondary ones give hydrogen and 
ketones (detectable by semicarbazide hydrochloride solution) and the tertiary 
alcohols give water and unsaturated hydrocarbons (which decolorise bromine 
water). 

The primary alcohols and the corresponding ethers have the highest boiling- 
points, the tertiary ones and, in general, those with branched chains showing 
the lowest boihng-points. 

In the group of alcohols the isomerism and the number of isomerides are 
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similar to those of the halogenated derivatires of the hydrocarbons, since the 
halogen atom is here replaced by a hydroxyl group. 

The names of the primary alcohols are made from those of the corresponding hydro- 
carbons {see p. 30 ), with the termination ol, and those of the secondary and tertiary alcohols 
are derived from the names of the hydrocarbons with the longest non- branched chains; 
or the secondary and tertiary alcohols may be regarded as derivatives of methyl alcohol 
or carhinol, CHg • OH, formed by substitution of the hydrogen atoms of the methyl group. 
We have, hence, two different, but still equally clear, S 3 ’stems of nomenclature. For 
example : 

(1) Normal butyl alcohol : CHg ♦ GHg • CHg • CHg * OH = biitan-l-ol or n-prop\dcarbinol. 

2 1 “ 

(2) Secondary butyl alcohol : CHg ■ CHg • CH(OH) • CHg = butan-2-ol or metliylethjd- 

carbinoL - i 

1 . ' 2 3 

(3) Isobutyl alcohol : CHg * CH • CHg • OH = 2-inetbylpropan-3'Ol or isopropylcarbinol. 



(4) Tertiary butyl alcohol : CHg — C — CHg == 2-metb\dpropan-2-ol or triniethylcarbinol. 

CHg OH 

PROCESSES OF FORMATION OF MONOHYDRIC ALCOHOLS. As well 
as from the halogen deriratives, the alcohols may iisuall}^ be obtained bt^ 
decomposing esters ttith acids, alkalis, or superheated water. This reaction 
is termed saponification or hydrolysis : 

C2H5O • NO2 + KOH = KNO3 O2H5 • OH. 

In a general way, the primary alcohols are formed by reducing the acids 
(C,iH 2„02) or aldehydes (C^Ho^O) with nascent hydrogen : 

.-0 

CHg • C( , (acetaldehyde) + 2 H = CHg • CH^ • OH. 

Since the acids, in their turn, may be prepared from the alcohols with one 
carbon atom less, w^e have at our disposal a general reaction for preparing 
synthetically any higher alcohol. 

The secondary alcohols are formed by reducing the ketones, C^^Hg^O, e. g. : 
CHg • CO • CHg Hg = CHg • CH(OH) * CHg 

Acetone Isopropyl ulooliol 

{see later ^ Aldehydes and Ketones). 

Thb tertiary alcohols are formed by the proloriged action of zinc methyl 
on acid chlorides, the intermediate compounds thus formed being decomposed 
with water. 

For the secondary and tertiary alcohols Grignard's reaction may also be 
employed (^ee later, Alkylmetallie Compounds). 

Of more industrial importance, how^ever, is the preparation of some of the 
more common of these alcohols by the distillation of w'ood or the fermentation 
of certain carbohydrates {see later). 

In addition to the properties of the alcohols given above, namely, their 
behaviour towards acids, halogens (which oxidise them), chlorides, and oxidising 
agents in general (which give aldehydes and acids), it may be mentioned that 
the higher alcohols (primary) are transformed into the corresponding acids 
by simple beating with soda lime. Traces of primary alcohols are detectable 
by oxidising with permanganate and sulphuric acid and then testing for 
aldehyde, which reddens a sulphurous acid solution of fuchsine. 
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PHYSICAL CONSTANTS OF THE MONOHYHHIC ALCOHOLS 



Specific 

Melting- 

Boiling- 

M'ame and Formula 

gravity 

point 

Point 

1. Methyl alcohol, CHg-OH 

0-812 (0°) 

-94°, -98° 

66^ 

2, Ethyl alcohol, CgH^-OH 

3a. Normal propyl alcohol (prim. ) 

0-806 

-112°, -117° 

78° 

CHg-CHa-CHg-OH 
36. Isopropyl alcohol (sec. ) 

0-817 

-127° 

97° 

CH3-CH(0H)-CH3 

0-789 (20°) 

— 

81° 

4a. Normal butyl alcohol (prim.),C4Hg-0H. 

0-810 

-80° (-122°) 

117° 

46. Normal butyl alcohol (sec.), C^Hg-OH . 

0-808 

— 

100° 

4c. Isobutyl alcohol, C 4 Hq-OH 

Tertiary butyl alcohol (trimethylcarbinol ) 

0-806 (20°) 

— ' 

107° 

C4H9-OH 

5a. Normal amyl alcohol (prim. ) 

0-786(20°) 

+25° 

83° 

CH3-[CHJ3-CH,-0H 
56. Amyhalcohol of fermentation or isobutyl- 

0-817 (20°) 

— 

138° 

oarbinol, (OH 3 ) 2 :CH-CH 2 -CH 2 'OH 

5c. Active amyl alcohol or sec. butylcarbinol, 

0-810 (20°) 

— 

130° 

CH3-CH(GjH 5)-CH2-OH 
5ci. Trimethyl- or tertiary butyl-carbiitol, 

0-816 (20°) 

, 

128° 

(CHglaC-CHa-OH 

0-812 (20°) 

49° 

113° 

5e. Diethylcarbinol, C2H5-CH(0H)-C2H5 . 

6/. Methylpropylcarbinol, 

0-831 (0°) 

— 

117° 

CH3-[CH2]2-CH(0H).CH3 
^g. Methylisopropylcarbinol, 

0-824 (0°) 


119° 

(CH3)2CH-CH(0H)*CH3 
6^. Dimethylethylcarbinol, 

0-819 (0°) 

— 

112-5° 

(CH3)2C(0H).C2H3 

0-814(15°) 

-12° 

102° 

6. Normal hexyl alcohol (prim. ), CgH^g-OH . 

0-833 (0°) 


157° 

7. Normal heptyl alcohol (prim. ), C 7 H 45 -OH 

CD 

CO 

00 

0 

— 

175° 

8. Normal octyl alcohol (prim.), CgH^^-OH 

0-839 

— 

191° 

9. Normal nonyl alcohol, CgH^g-OH 

0-842 

-5° 

213° 

10. Decyl alcohol, C^oHgj-OH . 

0-839 

+ 7° 

231° 

11. Undecyl alcohol, CyHgg* OH. 

— 

+ 19° 

I31°(15mm.) 

12. Dodeeyl alcohol, CigHag-OH 

0-831 

24° 

143° „ 

13. Tridecyl alcohol, Ci 3 H 27 *OH. 


30-5° 

156° „ 

14. Tetradecyl alcohol, Cj 4 H 29 -OH 

0-824 

38° 

167° „ 

15. Pentadecyl alcohol, CjgHg^-OH . 


45-46° 

— 

16. Hexadecyl (cetyl) alcohol, C^gHgg-OH . 

0-818 

50° 

190° „ 

17. Octodecyl alcohol, C^gHg^-OH 

0-813 

59° 

211° „ 

18. Ceryl alcohol, CggHgg-OH 


79° 

__ 

19. Myricyl alcohol, CggHg^-OH . 

— 

85° 

— 


By the behaviour of the nitro-compounds (prepared from the corresponding 
iodides and silver nitrite) and also by the initial velocity and degree of esterifica- 
tion, primary alcohols may be differentiated from the secondary and tertiary 
ones. 

Various primary normal alcohols enter inorganic compounds as alcohol of 
crystallisation, e. g., BaO, 2CH3 * OH; CaCl^, 4CH3 • OH; KOH, 2C2H5 * OH; 
MgClg, 6C2H5 * OH ; CaClg, 4O2H5 * OH, etc. ; it is hence evident why calcium 
chloride cannot be used for drying alcohol, although it serves well in the case 
of ether. 
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METHYL ALCOHOL, CHg . OH (Methanol or Carbinol) 

This is also called ivood-sfirit, since it was obtained by Boyle in 1661 
from wood-tar, and is to-day j)rcparecl in large quantities by distilling wood. 
Its chemical composition was not determined until 1834 (by Lumas and 
Peligot). 

In nature it occurs in the form of its salicylic ester, in Gaultkeria pro- 
cumbens (in Canada') and as butyric ester in the bitter seeds of Heracleum 
giganteum. 

■ PROPERTIES. When pure it is a colourless liquid, b.-pt. 66°, with a 
faint alcoholic smell; it burns with a non-Iuminous flame, solidifies at very 
low temperatures, and melts at — 94°. When 1 kilo is burned, 5310 cals, 
are developed, and its heat of evaporation is 262'2 cals. Its vapour pressure 
at different temperatures is as follows (mm. of mercury). 

Temperature -- 10° 0° 20° 30° 40° 50° 60° 80° 100 

Pressure . 15-5 29-6 96 160 260 406 625 1341 2621 

It dissolves in all proportions in water, alcohol, ether, or chloroform. Its 
specific gravity at 15° is 0*7984 (at 64*8°, 0*7476), and in aqueous solution 
the amount of the alcohol present may he determined from the specific 
gravity.^ 

Like spirits of wine (ethyl alcohol) it is intoxicating, dissolves fats, oils, etc., 
and even when anhychoiis it dissolves calcined copj^er sulphate, forming a 
bluish-green solution. 

Methyl alcohol is less poisonous than higher alcohols, but in the animal, 
especially in the human organism, it undergoes transformations which render 
it far morfe injurious than ethyl alcohol. The latter is subjected to rapid 
combustion in the organism, whereas methyl alcohol is slowly oxidised with 
formation of formic acid, this behaving quite differently from ail other organic 
acids owing to its aldehydic character. 

The process of oxidation of methyl alcohol varies in organisms of different 
species, and perhaps in different individuals of the same species, and since 
methyl alcohol is absorbed especially by definite nerve elements, it is in these 
that the slow oxidation occurs, causing serious disturbances and consequences 


Specific 
gravity 
at 15'uG® 

Per 

cent, by 
weight 
of the 
alcohol 

Specific 
gravity 
at 15-5G° 

Per 

cent, by 
weight 
of the 
alcohol 

Specific 
gravity 
at lo-oG* 

Per 

ceni;. by 
weight 
of the 
alcohol 

i Specific 
' gravity 
i atlS-oG 

Per 

cent, by 
weight 
of the 
alcohol 

Specific 

gravity 

at 

Per 

cent, by 
weight 
of the 
alcohol 

0-99729 

1 

0-96524 

22 

0-93335 

42 

0*89358 

62 

0-84521 

82 

0-99554 

2 

0-96238 

24 

0-92975 

44 

1 0-88905 

64 

0-84001 

84 

0-99214 

4 

0-95949 

26 

0-92610 

46 

1 0-88443 

66 

0-83473 

86 

0-98893 

6 

0-95655 I 

28 

0-92237 

48 

1 0-87970 i 

68 

0*82938 

88 

0-98569 

S 

0-95355 

30 

0-91855 

50 

0-87487 

70 

0-82396 

90 

0-98262 

10 

0-95053 i 

32 

0-91465 

52 

; 0-87021 

72 

0-81849 

92 

0-97962 

12 

0-94732 

34 

0-91066 

54 

i 0-86535 

74 

0-81293 

94 

0-97668 

14 

0-94399 i 

36 

0-90657 

56 

1 0-86042 

76 

0-80731 

96 

! 0-97379 

16 

0-94055 

88 

0-90239 

58 

1 0-85542 

78 

0-80164 

98 

j 0-97039 
0-96808 

18 

20 

0-93697 

40 

i 

0-89798 

60 i 

0-85035 

80 

0-79589 

100 


With methyl alcohol solutions of different concentrations there correspond, on boiling, vapours 
richer in alcohol : 


Per cent, of alcohol in solution 5 10 15 20 25 30 40 60 60 70 80 90 95 

Per cent, of alcohol in vapour 28 47 57 64 69 72 78 82 80 89‘C 93 96-5 98‘3 
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harmful to the human organism ; fatty degeneration of the liver is also produced 
(E. Harnack, 1912),^ 

When heated with soda lime or with oxidising agents it readily yields 
formaldehyde and formic acid, and sometimes carbon dioxide ; when distilled 
with zinc dust it gives CO and H. With potassium it forms a crystalline 
alcoholate, CHg * OK, CHg * OH, while with sodium it gives CHg • ONa, 
2CH3 * OH, which loses the alcohol at 170°. 

With alkalies and with salts it forms additive products, e. g., 5NaOH + 
6CH3 • OH and CaClg + 4CH3 • OH. 

Laboratory Preparatmi. Very pure methyl alcohol may be prepared by 
dissolving 100 grams of iodine in 1 kilo of commercial 80 to 85 per cent, methyl 
alcohol, adding sufficient caustic soda solution to decolorise the liquid, and 
slowly distilling or rectifying. 

INDUSTRIAL PREPARATION. Methyl alcohol is obtained industrially by the dry 
distillation of wood, it being a bye-product in the manufacture of acetic acid [q. v . ). The 
liquid products of the distillation contain much water, about 6 to 8 per cent, of acetic 
acid, 1 to 1-5 per cent, of methyl alcohol, 0-1 to 04 per cent, of acetone, and a certain 
amount of tar. After the removal of the tar, the liquid is neutralised with lime and dis- 
tilled, this yielding dilute (about 10 per cent. ) methyl alcohol solution contaminated with 
various products, especially acetone, tar, etc. The liquid is next distilled with about 
2 per cent, of lime) in a rectifying apparatus {see later: Ethyl alcohol). The resultant 
product constitutes crude methyl alcohol [wood spirit), which is almost colourless at first, 
but becomes brownish-red in the air; its specific gravity is about 0’816, and it contains 
about 80 per cent, of methyl alcohol, 10 to 14 per cent, of acetone, and small proportions 
of other impurities (acetaldehyde, formaldehyde, allyl alcohol, furfural, methyl etliyl 
ketone, dimethylacetal, methyl acetate, catechol, ammonia, pyridine, methylamine, etc.). 

To purify it, it is diluted vdth water to the sp. gr. 0*935 (about 40 per cent.), left for 
several days, and after the superficial tarry layer which collects has been removed it is 
treated with 2 per cent, of lime and distilled almost completely. The distilled product is 
mixed with 0*1 to 0-2 per cent, of sulphuric acid and rectified, the foreshots (rich in acetone 
and allyl alcohol) and tailings (rich in wood-oil and high boiling-point ketones of almost no 
practical value), being collected separately. The large fraction (about 50 per cent.) which 
distils over slowly at 62° to 65° serves in most countries for denaturing ethyl aicqhol and 
for making formaldehyde, and another portion (about 25 per cent. ) which is distilled still 
more carefully at 65° to 66 ° constitutes the pure methyl alcohol used for synthetic organic 
products. The last traces of acetone are removed by distillation in presence of a little 
calcium hypochlorite, which forms chloroform with the acetone (also with methyl alcohol). 
Better purification is effected by transforming the alcohol into an ester (e. g., the oxalate, 
by treatment with concentrated sulphuric acid and potassium dioxalate), which is easily 
separated from the impurities ; by hydrolysing the ester with KOH, distilling and rectify- 
ing, pure methyl alcohol is obtained. The acetone may also be got rid of by combining 
the alcohol with CaClg, giving the compound CaClg, 4 CH 3 • OH, which is stable at 100 °, 
so that the acetone may be distilled off at 56° together with the other impurities; the 
residue is then decomposed with water and the pure methyl alcohol distilled. The 
empyi'eumatic odour may be removed by filtration through wood charcoal. 

According to Earkas’s patent (Ger. Pat. 166,360, 1904) alcohol of 92 to 95 per cent, 
purity is obtained direct if the vapours from the distillation of wood, while still hot, are 

^ In Berlin at the end of 1911 some dozens of people died suddenly and some hundreds 
incurred serious danger from drinking spirits consisting to the extent of four-fifths of methyl 
alcohol. The trial, investigations and reports which followed in 1912 (Scharmach case) showed 
that even before then there were numerous cases of poisoning of workmen due to respiration of 
vapours of methyl alcohol during the manufacture, or to ingestion of spirits adulterated with this 
alcohol. As little as 8 grams suffices to cause serious effects on the eyesight, and larger doses 
lead to blindness. Nearly three hundred cases of such poisoning were registered in the literature 
up to 1904. Direct post-mortem detection of methyl alcohol is difficult, but abnormal quantities 
of formic acid appear in the bladder, brain, stomach, etc. In 1911 abnormally large quantities 
of methyl alcohol were imported into Italy, these being probably added as adulterant to ethyl 
alcohol ; this abuse w^as met by the imposition of taxation equal to that on ethyl alcohol, namely, 
£10 16<s. per anhydrous hectolitre. 



TESTS FOR^METHYL ALCOHOL 129 

passed through hot NaOH solution (15° to 20" Be.), which fixes the acid products, and tlsen 
into hot fatty acids, which fix the methyl alcohol; the alcohol recovered from these fatty 
acids is purified by passing the vapours into milk of lime and then rectifying. 

To ascertain if the alcohol still contains acetone, 10 c.c. of it is treated with caustic 
soda and an aqueous solution of iodine in potassium iodide; no turbidity due to iodoform 
should be formed for some timc.^ 

USES AND STATISTICS. Methyl alcohol is used mainly for the manu- 
facture of formaldehyde and of methyl derivatives (dimethyianiline, methyl 
chloride and bromide, etc.) used in making aniline dyes. It is employed also 
in the preparation of different varnishes as a substitute (partial or total) for 
spirit and oil of turpentine, in preparing perfumed hair lotions, etc., and for 
. denaturing spirit (ethyl alcohol). 

In 1902, Germany produced 5000 tons of the pure alcohol, of which 1151 
tons were exported, and imported 4273 tons of the crude product. In 1909 
7000 tons of the crude alcohol were imported and in 1910, 9000 tons, one- 
half from Austria and one-half from North America at £24 per ton in 1909 
and £30 in 1910. In the latter year 2000 tons of pure methyl alcohol were 
exported at £40 per ton. 

The Italian importation and exportation were as follows (hectolitres) : 
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^ Tests for Methyl Alcohol. l\Tien pure it should leave no residue on evaporation, should 
not have an acid reaction towards litmus, and should not contain ethyl alcohol, which may be 
detected as follows : a little of the liquid is heated ^yith sulphuric acid, diluted with water and 
distilled, the distillate being treated with permanganate, then with sulphuric acid, and finally 
with sodium hydrogen sulphite ; if ethyl alcohol is not present this liquid will not give a violet 
coloration with fuchsine solution. Acetone and ethyl alcohol may also be detected by the 
iodoform reaction {Liehen’s reaction : see helow and also p. 121). Proportions of 2 to 3 per cent, 
of methyl alcohol may be detected by Scudder ami Biggs's reaction (1906), which consists in 
treating 10 c.c. of the liquid at 25° with 5 c.c. of concentrated sulphuric acid and 5 c.c. of saturated 
permanganate solution, decolorising (after two minutes ) with sulphurous acid solution and boiling 
until all smell of sulphur dioxide or acetaldehyde disappears. Tiiis liquid is then tested for 
formaldehyde by adding a few centigrams of resorcinol to 2 c.c. and pouring 1 c.c. of pure con- 
centrated sulphuric acid to the bottom of the liquid ; a blue ring, due to the formaldehyde formed 
from the methyl alcohol, forms at the surface of separation oLthe two liquids.' Beniges (1910) 
detects as little as 1 per cent, of ethyl alcohol by heating the methjd alcohol with bromine w'ater 
and testing for the acetaldehyde formed with fuchsine solution decolorised with SO» [see 
Aldehydes ). 

Estimation of the methyl alcohol in the commercial product is eSected by the Kroll-Kramer 
method : 30 grams of phosphorus tri-iodide is placed in a flask furnished with a long reflux con- 
denser, down which is poured, drop by drop, 10 c.c. of the methyl alcohol ; after a short time the 
methyl iodide formed is distilled from a w'ater-bath into a graduated cylinder containing a 
little water; when the distillation is completed, the condenser is rinsed out with wwter and the 
volume of the methyl iodide under the water measured at 15° ; 5 c.c. of pure methyl alcohol 
gives 7T9 c.c. of methyl iodide. 

The acetone is estimated by Kramer’s method : in a 50 c.c. graduated cylinder with a ground 
stopper are placed 10 c.c. of a 2 H-caustic soda solution, then 1 c.c. of the alcohol, and, after 
shaking, 5 c.c. of a 2N-iodine solution. After a short time 10 c.c. of ether free from alcohol 
is added, the liquid shaken and then allowed to stand ; the volume occupied by the ether is 
read off, an aliquot part of it evaporated to diymess on a tared watch-glass and the iodoform 
crystals dried in a desiccator and weighed : 394 parts CHI 3 correspond with 58 of acetone. 

A good commercial methyl alcohol should contain not more than 0*7 per cent, of acetone and 
at least 95 per cent, of the alcohol ; it should distil within 1° ; 5 c.c. of 0- 1 per cent, permanganate 
solution should not be decolorised immediately wKen treated with 5 c.c. of the alcohol, and 25 c.c. 
of the alcohol, mixed with 1 c.c. of an acetic acid solution of bromine (1 part Br in 80 parts of 
50 per cent, acetic acid ) should give a yellow solution. 
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In 1909 Great Britain imported 22,600 hectolitres, and in 1910 20,200 
(47,200) ; in 1910 the value of the exports was £20,000. 

The United States exported 35,000 hectolitres in 1906, 76,100 in 1910, 
and 92,000 (£180,000, i. e., about £2 per hectoHtre for the crude, about 80 per 
cent, alcohol) ; in 1914 the output of crude methyl alcohol was about 500,000 
hectolitres. 

PjToligneous alcohol of 90 per cent, strength (French) was sold before the 
war at £4 12s. per 100 kilos; that of 92 to 93 per cent, strength (English) at 
£4 175. Qd. ; and that of 95 to 96 per cent, strength for lacs at £5 Is. Qd. ; the 
purest methyl alcohol, free from acetone, cost £7 per 100 kilos. During the 
European War, the price in Italy rose to £48 per 100 kilos. 

ETHYL ALCOHOL, CgHg • OH (Ethanol, Spirit of Wine) 

This is found occasionally in nature (as butyric ester in Pastinaca sativa and Heradeum 
giganteum) and sometimes as an abnormal product in certain vegetables and animals, whilst 
it is easily formed by the alteration (fermentation) of various organic vegetable substances 
(saccharine juices, fruits, etc.). It has hence been known from the most remote times. 
Aqua vitiB or spirit of vine, obtained by distilling alcoholic beverages, was used as early 
as the eighth century, and gave rise to an industry which acquired great renown in the 
province of Modena in the fourteenth century. Various European races learnt the use of 
aqua vitae from the custom introduced everywhere by the soldiers, who consumed large 
quantities of it during the wars of the Middle Ages. Very soon, however, the northern 
peoples, who did not produce aqua vitae from wine, began to prepare alcohol by suitable 
transformations of the starch in the cereals abounding in their countries. By the beginning 
of the nineteenth century alcoholic liquors (exciting and enfeebling the nervous system 
and the brain) were spread over the whole of the civilised world and produced the terrible 
social scourge of alcoholism, much more disastrous in its material and moral consequences 
than all the other maladies that afflict humanity {see later. Alcoholism). Later, however, 
alcohol gradually acquired agricultural and industrial importance owing to its increasing 
practical applications in the arts and industries. Since 1830 Germany has extended the 
manufacture of potato spirit, and in many districts great agricultural advantages have 
followed the cultivation of this vegetable, since the waste products from the distilleries 
serve as nourishment for large numbers of cattle — & source of great direct and indirect 
profit owir^ to the abundant supply of stable manure, which increases the fertility of the 
land and hence also the crops. 

PROPERTIES. When pure, it is a colourless liquid with a characteristic 
odour, sp. gr. 0*7937 at 15°, 0*80625 at 0°; it boils at 78*3° (or at 13° under 
21 mm. pressure), and its vapour is stable at 300°; its vapour pressures (mm. 
of mercury) at different temperatures are as follows : 

Temperature . . —10° 0° 20° 30° 40° 50° 60° 70° 80° 100° 

Pressure . . 6*5 12-24 44 78 133*4 219*8 350 541 812 1692 


Its heat of evaporation is 216*5 cals. 

At a very low temperature it gives a glassy mass, which at — 135° is con- 
verted into another solid mass m.-pt. — 117° {enantiotropy, Vol. I., p. 208). 

^ When concentrated (absolute) it is extremely hygroscopic, and it mixes 
with water or ether in all proportions. To obtain absolute alcohol, i. e., abso- 
lutely free from water, fractional distillation is not sufficient, since at 78*15° 
an aqueous alcohol containing 95*57 per cent, of alcohol by weight distils; ^ 

^ In the folloving table, a is the percentage of alcohol by volume in an aqueous solution, h the 
boiiing-point, c the percentage of alcohol, and d the percentage of water, by volume in the vapour : 
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the higher alcohols also give mixtures vith "water "vMch boil at ioAvei tem- 
peratures than the corresponding pure alcohols. If benzene is mixed vitli 
alcohol, the latter may be obtained pure, since a mixture of water and benzene 
first distils over, then alcohol (at then alcohol and benzene (68‘2'^), and 

finally pure alcohol. 

Lsually absolute alcohol is obtained by distilling the ordinary 90 to 96 per 
cent, alcohol over calcined potassium carbonate or over anhydrous {i. e,, cal- 
cined) copper sulphate, redistilling over lime, and finally over baryta or a little 
sodium or calcium ; or it may be left over powdered aluminium until hydrogen 
ceases to be evolved. The aldehydes of the alcohol may be separated by boiling 
with 5 per cent, of caustic soda. 

If alcohol contains a httle water, it becomes turbid when mixed "^ith 
benzene, carbon disulphide, or paraffin oil, and turns white, calcined copper 
sulphate blue, and barium hydroxide is precipitated on addition of baryta, 
the latter dissohung only in the absolute alcohol. 

A mixture of 53"9 vols. of alcohol with 49*8 of w^ater gives 100 vols., the 
contraction of 3*7 per cent, being due to the formation of a labile compound, 
_(C*2R5 ’ OII)i85 II29 etc.). It is a good solvent for resins, oils, colour- 

ing-matters, varnishes, ethereal essences, and many other substances, and 
dissolves sulphur and phosphorus to a slight extent ; it coagulates proteins and 
diffuses through porous membranes more rapidly than water. It dissolves 
and gelatinises soaps A 

It unites "with various salts and alkalis as alcohol of crystallisation (KOH, 
LiCl, CaClg, MgCl2) {see p. 128), 

It oxidises easily, giving aldehyde and acetic acid, e. g., with potassium 
dichromate, hlnOg, or even H2SO4, or oxygen in presence of platinum, or "with 
micro-organisms if the solution is dilute. With concentrated nitric acid, it gives 
various oxidation products and with the dilute acid, glycollic acid. Alcoholic 
solutions of caustic alkalis turn brown, since they are partially resinified by the 
aldehyde w^hich forms first and w^hich acts as a reducing agent. Chlorine gives 
acetaldehyde and various intermediate chlorinated products. In a red-hot tube 
it decomposes, giving hydrogen and large proportions of hydrocarbons and acids. 
With sodium it gives sodium ethoxide in the form of a w'hite po"wder {^ee later). 

Absolute alcohol, which plays an important part in organic syntheses, is 
poisonous and rapidly produces death when injected into the blood. It is a 
powerful antiseptic, especially at 70 per cent, concentration, which most readily 
coagulates protoplasm and proteins. 

The complete combustion of 1 kilo of pure alcohol (CgHg * OH -f 60 = 
2CO2 + SHgO) generates 7193 Cals, and 96 per cent, alcohol, about 6750 Cals. 

Alcohol may be detected even in traces (1 : 2000) by means of Liehen's 
iodoform reaction {see pp. 121 and 129). This reaction is also given by acetone, 
isopropyl alcohol, and the aldehydes; according to Buchner (1905) it is 
preferable to heat the alcoholic liquid with a little paranitrobenzoyl chloride, 
which forms crystals of ethyl • paranitrobenzoate, NOg * CgH^ * COjCgHg, 
m.-pt. 57°. In Rimini’s reaction, the liquid is heated with sulphuric acid and 
a dilute solution of. potassium dichromate ; the green colour of the solution and 
the odour of acetaldehyde are sufficiently characteristic, but the reaction may 

^ Solid Alcohol is nothing but a soapy mass formed from about 20 per cent, of water, 20 per 
cent, of soap (sodium stearate), and 60 per cent, or more of alcohol; it bums like liquid alcohol, 
but leaves a residue. 

A richer product may be prepared by heating and stirring 100 parts of 96 per cent, alcohol 
at 60° dissolving 1 part of stearine and adding 0-5 part of a 30 per cent, aqueous sodium hydroxide 
solution-just sufficient to make it redden phenolphthalein. Some use a sodium soap charged 
with silicate (500 per cent.). A solid alcohol that bums without leaving a residue may be 
obtained by dissolving 20 to 40 parts of collodion in 100 parts of alcohol; others add, instead, 
25 parts of a 25 per cent, solution of cellulose acetate in acetic acid, and shake, the crust of solid 
alcohol which separates being squeezed out. 
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be confirmed by distilling a few drops of the liq^uid and treating the ^stillate 
mth a little sodium iiitropmsside and a drop of piperidine, a beautiful blue 
coloration being obtained if acetaldehyde is present. 

The manufacture of alcohol liecame one of the great chemical industries 
when a scientific explanation was obtained of the phenomena governing the 
transformation of starch and sugar, fermentation, although known from the 
most ancient times, remained unexplained up to the nineteenth century, and 
it is solely, or largely, opting to the studies of Caignard de Latour and Schwann, 
Turpin, Schroeder, Liebig, Pasteur, Nageli, Cohn, de Bary, and, more recently, 
Duclaux, Buchner, etc., that the phenomena of fermentation are now completely 
explained and rationally regulated. 

In 1836 Caignard de Latour and Schwann found that the fermentation of wine and 
beer is strictly dependent on the germination of microscopic fungi which multiply in the 
must or wort. Turpin supposed that these fungi are nourished by the sugar, producing, 
as the excreta of their vital action, alcohol and carbon dioxide. In 1838 Liebig held 
that this transformation of sugar is caused by a special intermolecular movement due to 
substances contained in the ferment itself (microscopic fungus). 

Pasteur, in 1872, showed that certain ferments that live at the expense of the oxygen 
of the air and can decompose sugar into water and carbon dioxide, when they are immersed 
in saccharine liquids, being no longer able to assimilate oxygen from the air, extract it 
from the sugar, resolving the molecule of the latter into alcohol and carbon dioxide. 
Although Isageli, in 1879, had attempted to reconcile the hypotheses of Liebig and Pasteui’, 
yet up to a few years ago all fermentative phenomena were interpreted on the basis of the 
ideas enunciated by Pasteur. Progress in the fermentation industry proceeded, 'pari 
passu, with that of bacteriology.^ 

^ Bacteriology is the science which studies morpholo^cally and biologically the very small, 
unicellular, vegetable organisms which are propagated with immense rapidity by segmentation. 
The cell is formed, as in the higher organisms, of an extremely thin membrane which permits 
all the osmotic phenomena {see Vol. I., p. 80), and encloses the protoplasm in which no central 
nucleus is visible, hut in which there occur scattered granules (of starch and other substances), 
fat globules, vacuoles containing cell-sap, and sometimes crystals (e, g., of sulphur), while in 
certain bacteria the protoplasm holds various colouring-matters in solution. The temperature 
most favourable to their vitality varies, according to the species, from 5° to 40° ; they live, 
however, in a latent condition, at very low temperatures, although they do not reproduce,, and 
they usually die at about 70° (excepting the spores, see below). As, in general, they do not 
contain chlorophyll, they are nourished by complex organic substances already elaborated by 
other organisms and hence soluble or capable of being rendered soluble (sugars, organic and 
inorganic ammonium salts, etc.) ; in this they are clearly differentiated from vegetable organisms 
and approximate more to the animals. Nutrient matter for bacteria always contains phosphorus, 
.sulphur, potassium, and calcium, and, in certain cases, magnesium and manganese. They are 
able to take the carbon they require for their nutrition even from ethyl alcohol in a concentra- 
tion of 4 per cent. (180 species of bacteria are capable of such assimilation) or from methyl alcohol 
at the same concentration (25 species), and the nitrogen also from inorganic ammonium salts, 
nitrates, urea, and even free ammonia, the nutriment being made up with mineral substances, 
such as monopotassium phosphate, magnesium sulphate, etc. (e. g., Epicoccum purpurescens 
requires nitrates and magnesium salts for the formation of its purple colouring matter, while 
Aspergillus niger requires manganese salts, etc.). All bacteria live w^ell and reproduce rapidly 
in myat-broth or nutrient gelatine. They tolerate more easily alkaline than acid media, and direct 
sunlight kills many species of bacteria, even pathogenic ones. As a result of their vital actions, 
substances are sometimes formed which kill the bacteria themselves. Different antiseptics 
have various actions on different bacteria, or else only a specific action on certain of them. The 
reproduction of bacteria takes place ordinarily by segmentation, that is, when the cell has reached 
a certain length a thin wall forms in the middle and divides the cell into two new ones; these 
divide, in their turn, so that the reproduction of these organisms, which increase in geometrical 
proportion (1, 2, 4, 8, 16, 32, etc.), proceeds with prodigious rapidity and yields millions of 
individuals in a few hours. The universal distribution of bacteria is thus easily understood. 
When the vital conditions are rendered abnormal or difficult for bacteria, in many of them there 
occurs a contraction of their protoplasm into a more compact mass (at the centre or laterally, 
according to the species), which forms a separate individual, the spare, much more resistant to 
cold (— 180°) and heat (130° to 140°), and even to antiseptics than the corresponding bacterial 
cell; the spores can retain life even for some years. Under favourable conditions, the spore 
breaks its envelope and gives a cell which reproduces by segmentation like the original one. 
Only certain rare species of bacteria are provided with chlorophyll or other colouring -matters 
capable of assimilating carbon dioxide under the action of sunlight. 

These micro-organisms, termed bacteria or schizomycetes or microbes, are those which produce 
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During recent times, however, new facts have been discovered which have prcdoiindiy 
shaken the fundamental basis of this theory, according to which no fennentation Is possible, 
except in the presence of certain species of lii'lng micro-orgaiiisnis. In reality certain 
special fermentations are already known which are produced by enzpties, i. e., substances 
of complex chemical compositions which do not manifest anything of the nature of living 
micro-organisms; for example, diastase transforms starch into maltose: 

Between 1896 and 1900 Bucimer succeeded in showing, by careful experiment, that some 
of these fermentations, which in the past could be induced only hy the living micro- 
organisms, may be effected also by using the extract of the bacteria obtained by squeezing 
out, under great pressui'e, through special unglazed porcelain filters, the extract of the 


putrefaction and infectious diseases (cholera, carbuncle^?, typhus, tuberculosis, small-pox, diph- 
theria, etc.),* they are classified, according to their form, into : (1) Desmobacteria bacillus or 
vibrio fonns like small rods); (2) Spherobacteria (rorci and mlcroeorcl of spherical shape and 
termed d/p/ococci if united in twos, sfnphyjocci if joined in hunches, and streptococci if in strings); 
(3) Spirobacteria {spirilla of twisted shape). To give a concrete idea of their forms de Bary 
described them as analogous to a pencil, a billiard ball, and a cork-crew. 

On the basis of their different activities and phydologieal properties Colin divided all the 
species of bacteria into three characteristic groups : (1) zymogenic, or those which produce all 
the non-alcoholic fermentation.-; (2) chromogcnic, which produce varioii.s colouring-matters 
(red, violet, yellow, etc. ) ; (3 ) pathogenic, which cause diseases of man and animals. To'^ecogni^ e 
the latter — given the difficulty of rli.-tinguisliing them morphologically under the microscope, 
since different species often have the same form and the same species sometimes several fornrs — 
they are inoculated into the blood of living rabbits, rats, guinea-pigs, etc., the pathogenic char- 
acter being deduced from the effects produced in the animals in two or three days, or sometimes 
even after a few' hours. 

The lesser diameter (width) of these unicellular bacteria measures a few tenths of a micron 
(1 micron or ju = 0-001 mni.), and in rare cases, as much as 1-7 y; the greater diameter (length) 
is usually several microns. 

If we wish to indicate bacteria in a wider sense of the term, and not to limit them to the 
pathogenic or saprophytic (non-pathogenic), but still to tho^e that produce all putrefactions and 
widen the limits of their dimensions, we may logicaUy divide these micro-organisms into tw'o 
other groups of similar beings, namely, the Ryphomycetes {moulds) and the Blastomycetes 

The Hyphomyceies form groups of branched filaments {rnyedia), wiiich often subdivide into 
portions similar to bacteria, but the width of these always exceeds 2/i and often ofj. ; they multiply 
by means of spores and four principal species are distinguished according to the mode of forma- 
tion of these spores {conidia ) : (1) the Aspergillus species, which form, at the extremities of the 
fruit-bearing filaments {spore-hearing hyphee), a swelling in the form of a club covered with series 
of spores attached by means of intermediate sferigmata ; (2) the Mucor species (or Mucedmece.), 
in w'hich the spore-bearing hyphae w’hich start from the mass of myeeiia cany sporangia (species 
of capsule) in which the spores develop; (3) the Oidhim species in which the spores are formed 
directly in the spore-bearing hyphoe without any special organ of fructification; (4) the Peni- 
cillium species, which is ver}^ common and has branched spore-bearing hyphae in the form of a 
brush containing rows of spores. Aspergillus and Oidium are, however, not separate species, 
but special sporifying forms of Eurotium and Erysiplim belonging to the order of Asccmxycctes. 

The most important of these micro-organisms for industrial purposes are the Blastomycetes, 
i. e., the ferments or unicellular fungi w'hich usually multiply by gemmation (budding), that is, 
by excrescences forming on the cells and becoming detached when they have reached a certain 
size, forming new' cells which live independently of the mother-cells ; under abnormal conditions, 
how'ever, the ferments multiply also by means of spores, four nuclei being usually formed in.side 
the coll, these then becoming covered" with membranes and dividing the mother-cell into four 
parts forming four new cells. 

The cells of the ferments have often a magnitude greater than 5/x,, and the most important 
for alcoholic fermentation form the family of the Saccharom ycetes {see later). 

The extraordinary beneficial influence of the bacteria and ferments in nature (apart from the 
pathogenic action of certain of them on some of the higher organisms) is manifested in the 
w'onderful destructive activity they exert on the refuse and remains of all the higher organisms, 
converting the complex substances composing them into continually more simple substances 
until they give CO 2 , HgO, ISIHa, and HlSlOa. These are the simplest materials w'hich can be used 
by vegetable organisms to recommence the life-cycle, since in nature nothing is destroyed or 
created, hut everything is transformed and thus life itself rendered eternal. 

^ Starch, which is formed in the green leaves of plants under the action of sunlight and of 
chlorophyll, although an insoluble substance and very resistant to various reagents, inigrater 
during the night and accuinnlates in the seeds, roots (tubers), medulla, etc. We can, however, 
stop the starch in its path, and can explain how it may be transported, by the juices into othes 
parts of the plant. In fact, varioms enzymes occur distributed through plants, and among these 
is diastase or amylase, which renders the starch soluble by transforming it into soluble (and hence 
transportable by the juices) sugar (maltose), to be regenerated by an inverse process — unknown 
to us — ^in the form of insoluble starch in other parts of the plant. 
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ferment-cells previously ground with q^uartz-sand. In this way SciccliaTomijces cerevisice 
(Fig. 117) yields mnJtnZ (an enzyme occurring also in germinating barley or maize 
and contained in Sacclmromyces ociosporus), wFich hydrolyses maltose, transforming it 
into glucose; from beer-yeast is obtained invertase (or wvertin) capable of resolving sac- 
charose or cane-sugar (not directly fermentable) into fructose and glucose (fermentable); 
fresh yeast cells yield zijmase, the enzjme capable of effecting the alcoholic fermentation 
of various six- carbon-atom sugars (glucose, fructose, etc.). 

The action of the enzjmie cannot be attributed to the still living protoplasm derived 
from the cells of the ferment, since the protoplasm may easily be killed in a mixture of 
alcohol and ether, and after this treatment the enzyme retains its activity. The action 
of ferments is hence due to the enzymes that they are able to produce, rather than to 
the biological phenomena of the life of the organisms. 

Xumerous enzymes are now knowTi which are of great importance in many 
\ital functions of vegetable and animal organisms. It is not certain if the 
enzymes, vith their large and com23lex molecules, are true proteins, since up 
to the joreseiit they have not been obtained chemically jpure; all of them 
contain nitrogen, hut, as they are purified more and more, the nitrogen content 
continually diminishes and to-day it is held by some that the composition 
of each enzyme approaches that of the substance it transforms ; thus diastase 
would be a substance similar to starch and p)oor in nitrogen, whilst the enzymes 
that transform the proteins would he of true protein nature. Proteolytic 
(decomposition of proteins) and fermentative actions occur only between 
certain limits of temperature (0° and 65°) and are retarded or prevented by 
certain poisons (e. g., by traces of prussic acid or by metallic salts that act on 
]Droteins, like HgClg, etc., although they are more, and sometimes completely, 
resistant to the action of antiseptics that kill ferments, such as salicylic acid, 
boric acid, ether, etc.). The various enzymes produce one or other of the 
folio-wing general reactions : hydrolysis (amylases, sucrases), coagulation 
(enzyme of rennet), decomposition (zymase of alcoholic fermentation), oxidation 
(laccase oxidises the juice of the lac-tree), etc. Enzymes exhibit different 
behaviour towards the stereoisomerides of certain hydrolysable and fermentable 
substances (^ee section on Sugars).^ 

^ Tho following are some of the more important enzymes : 

Diastase (or amylase) occum abundantly in malt (germinating cereals), but is found also in 
plants, the pancreas, the saliva, the liver, tbe bile, the blood, the kidneys, and the mucous 
membrane of the stomach and of the intestines ; it transforms starch into maltose and 
dextrin. 

Maitase transforms malto.se into glucose, and is found in malt, in Saccharomyces cerevisice, and 
in plants and animals. 

Zymase causes alcoholic fermentation of glucose, and is contained in yeast and the alcoholic 
ferments {Saccharomyces). 

Lactase decomposes milk-sugar. 

Melibiase resolves raflSnose (or cane-sugar) into molecules of more simple sugars. 

Invertase {sucrose, saccharose, or invertin) decomposes saccharose into glucose and levulose, 
and is obtained from beer-yeast. 

Cytase or Cellase attacks cellulose. 

Maltodextrinase ferments maltodextrin. 

Dextrinase ferments dextrins. 

Peptase governs the important digestive functions of the stomach, and peptonises proteins. 
Tryptase is found in the pancreas and contributes to the poptonisation and decomposition 
of the proteins. 

Lipase is also found in the pancreas and renders the fats soluble (hydrolyses them). 

Emulsin, contained in bitter almonds, and capable of decomposing amygdalin. 

Ptyalin is contained in the saliva and initiates the digestion of starchy foods. 

Reductase is capable of effecting reduction phenomena, especially in presence of aldehydes, 
and is hence also known as aldehydo-catalase ; it decolorises Schardhiger’s reagent (mixture 
of methylene blue and formalin). Reductase is 3videspread in the animal kingdom and 
occurs in unboiled milk (boiled milk is detected by the lack of this enzyme; it does not 
decompose water or decolorise guaiacol). 

The Oxydases form a group of enzymes {laccase, tyrosinase, asnoxydase, catalase, etc.) capable 
of effecting oxidations by fixing the free o:^gen of the air and transferring it, in the nascent 
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ytill more iiiteretiting is the fact that during an ordinary fermentation tlit> ainoioit 
of sugar fermented does not depend closely on the quantity of living ferment or enzyme; 
thus large quantities of sugar can be decomposed hy small quantities of ferment or enzyme. 
The action of the enzymes and of the ferments may be logically compared with that 


state, to the substances to be oxidised. They occur -widespread in the vegetable kingdom and 
are also found in the animal kingdom, and their oxidising action is comparable vith that of 
platinum black (catalyst). In fact the caialme found in the blood is capable of decomposing 
H.,02, giving nascent oxygen and -water (Loew, 1901). It is now found that the oxydases are 
formed of mixtures of oxygenase and peroxydase. Euler and Bolin (1909) obtained* <a laccase 
of the Medicago type in a chemically pure state, and found it to be composed of calcium salts 
and a small amount of iron salts of mono-, di-, and tri-basic hydroxy-acids, especially citric, 
malic, mesoxalic, and glycollic acids. 

_ Peroxydases and Oxygenases. Sehonbein (1S50) had ob-erved that certain vegetable and 
animal organisms contain substances analogous to femients and capable of decomposing hydrogen 
peroxide catalytically with liberation of oxygen, and aho of accelerating catalytically this 
decomposition (/. c., the oxidising action) in the same way that ferrous sulphate does. *Loew 
(1901) showed that the first action is due to a special enzyme, catalase {oxygenase). Linossier, 
ill 1898, succeeded in separating from pus an enzyme free from oxydase (oxygenase ), yet capable 
of accelerating but not of initiating the decom*position of hydrogen x>ero*xidc; this he called 
peroxydnse. The oxydases and peroxj-dases often occur together and they may be separated 
by heating the mixture to 70°, the oxydase being thus killed, or, as was proposed Aso of Tokio 
(1902), by dissolving the peroxydase in alcohol which does not dis-olvc the oxydase, or by 
poisoning the latter with sodium fluoride or fluosilicate. There are also several plants that 
contain onlv peroxvdases, among them pumpkins and horse-radish roots (Bach and Chodat, 
1903, 1906)* 

The perox 3 "dases are nitrogenous but non-protein substances, and, when heated with XaOH 
give NHg; they al-w'aj^s contain about 6 per cent, of ash, 0*8 to 14 per cent, being aluminium 
and 0*2 to 0*6 per cent, manganese. The peroxydases dialj-se, wliilst the oxj’genases do not. 
The specific action of the peroxydases consists in activating in a remarkable manner the oxidising 
action of HgOa on organic substances, e. g., gallic acid, pyrogallol, etc. ; the\’ activate also the 
action of the peroxides that form in organic substances by the action of the ox\*gen of the air 
(e. g., ethereal oils, turpentine, etc.). 

In 1897 Bertrand introduced the following hj'pothesis to explain the action of the oxyda-ses ; 
the latter are regarded as hydrolj^sable manganese protein compounds, in which the manganese, 
in the manganous condition, is the transmitter of oxygen from the air to the oxidisable substance ; 
the manganese dioxide formed would then be again reduced by the protein acid radical, the 
original manganous protein compound being regenerated. Bach and Chodat have, however, 
found manganese in the peroxydases, although these are not direct oxidising agents. 

The peroxy^dases have no oxidising action, unless a peroxide is present. They do not turn 
fresh guaiacol tincture blue, but after some hours this change does occur, the tincture haring 
formed peroxide, which may be detected by starch and potassium iodide solution, ^^llil&t the 
peroxydases accelerate the decomposition of very dilute HoOo, this destroys them if concen- 
trated. In 1908 J. "Wolff obtained the reactions of the peroxydases by traces of ferrous sulphate 
or copper sulphate. The oxidising action of the oxygenases (which have, however, not yet 
been obtained free from peroxydases, although the latter are kno-wm free from oxygenases) is 
only weak and is strongly activated by addition of peroxydase. On the other hand, it seems 
established that there are two species of peroxydases existing, the one activating strongly the 
oxygenases and feebly the decomposition of HjOo, and the other behaving in the opposite way. 
The character of the oxydases themselves is indicated by the specific action of one or the other 
species of peroxydase. Indeed, Bertrand had in 1896 extracted from certain plants, e. g., young 
potato tubers, an oxydase which differed from all others in not oxidising phenols or the aromatic 
amines, wlfilst it oxidised and blackened tyrosine, which is not altered by the ordinaiy* oxydases 
or even by H 2 O 2 combined with one of the ordinary peroxydases, Bach (1906) succeeded in 
separating the^specific peroxydase from tyrosinase and in showing that this peroxydase is capable 
of causing the oxidation of *tyrosine only when mixed with the corresponding oxygenase or in 
presence of HjOo alone. Hence the action of tj-^rosinase is due to the specific action oi its peroxy- 
dase. Bach holds further that in the phenomena of respiration of organisms, oxidation due to 
oxydases plays no part, since this leads to true condensations, to sjmtheses of more complex 
products ; for respiratory phenomena there should exist enzymes of a type not yet known and 
capable of decomposing and oxidising the reserve materials of the organism (fats, carbohydrates, 
etc., which are not oxidised by oxydases). 

At the present day the catalytic action of the enzjmies is explained as due to small quantities 
of metals which they contain ; thus the important action of the limmoglobin of the blood (w'hich 
fixes the oxygen in the lungs in a labile condition and transports it to all parts of the organism ) 
appears to be due to the small quantities of iron present, this inducing the decomposition of the 
food materials ; further, the synthetic action of the peroxjriases is perhaps due to the manganese 
they contain (6‘ee above). Just as the important synthetic functions of chlorophyll, according to 
Willstatter’s recent w'ork, appears to be o-sring to the magnesium present in it. Recently (1910 ) 
Bach has, however, succeeded in preparing very active oxydases and peroxydases free from iron 
and manganese, so that the true explanation of the actirity of these enzymes remains to be 
discovered 
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oi the inorgmiic miahjsls (Vol. I., pp. 71, 310), which cfnly produce an enormous increase in 
the velocity of reaction, in our case, of the decomposition of sugar. That these organic 
mtahjsls have an action really similar to that of the inorganic catalysts can be shown by 
certain other interesting facts. 

Some years ago Duclaux succeeded in producing alcoholic fermentation by dilute 
alkali ; Traube in 1899 transformed sugar into alcohol by means of finely divided platinum 
alone at 160' ; while Schade in 1906 converted an alkaline solution of glucose, in absence 
of enzyme, quantitatively into acetaldehyde and formic acid (CgH^2*^6 “ 

2CH2O2), and these products, under the catalytic influence of rhodium, are transformed 
quantitatively into CO2 and alcohol (perhaps the formic acid first gives COg and Hg, the 
latter, in the nascent state, reducing the aldehyde to alcohol).^ 

Further, in chemical equilibria (Vol. I., p. 64), the action of catalysts in 
reversible reactions is regulated by the temperature and concentration con- 
ditions, and the same phenomenon is met A\ith in the case of enzymes : indeed, 
when diastase has converted a certain quantity (dependent on the temperature ) 
of starch into maltose, the hydrolytic change is arrested {i. e., equilibrium is 
reached in the reversible reaction : starch maltose) ; if, however, part of the 
maltose is fermented into alcohol and COg, the equilibrium is disturbed and 
the diastase hydrolyses a further quantity of starch. Also at temperatures 
above 55®, diastase forms dextrin in preference to maltose. An analogous 
phenomenon is observed in the hydrolysis of amygdalin by emulsin. It has 
already been mentioned that maltase transforms maltose first into glucose, 
but when a certain pro 2 :)ortion between these two products is reached, the 
hydrolysis ceases oving to equilibrium being attained : CigHggOii + HgO 5: 
2 CgHi 20 e, and the transformation jDroceeds further only when the glucose is 
removed by alcoholic fermentation ; Emmerling has realised the inverse reaction 
by dis 2 )lacing the equilibrium by addition of glucose (in which case isomaltose 
is produced). 

Also in the action of maltase on amygdalin, Emmerling succeeded in 
producing the reverse reaction, and at the St. Louis Exhibition in 1904 he 
showed a fine specimen of amygdalin prepared synthetically by an enzymic 
process . 2 

Buchner and Meiseiiheimer (1909) explain the action of ferments, from the chemical point 
of view, by the addition of a molecule of water to the sugar and abstraction of an atom of oxygen 
by the ferment, so that there results, as an unstable intermediate product, a di-primary alcohol, 
which, in its turn, is immediately decomposed into Hg and 2 mols. of dihydroxyacetone ; the 
-last product is able to decompose into CO2 and alcohol, while the hydrogen continues to trans- 
form fresh quantities of sugar into the dihydric alcohol, and so on. Boysen- Jensen (1909) 
finds that the reactions for dihydroxyacetone are given by fennentations ; the decomposition 
would hence take place thus : 
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Branzen and Sfoppuhn (1911) have shown experimentally that, in the enzymic conversion 
of sugar into alcohol and carbon dioxide, formic acid is produced as an intermediate product. 
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So that with one and the same enzyme, anal 3 i;ic and synthetic processes 
can be effected. Cremer obtained glycogen levulose 

by means of an extract of yeast, and Hanriot, Kastle, and Loeveiiliart prepared 
monobiitjTiii and butyl acetate s}mtheticaih’ by means of lipase. The 
enzymes also effect the so-called asymmetric syntheses, i, e., they give optically 
active compounds containing asymmetric carbon (1908). 

Also of interest is the fact that a single ferment may contain various enz^uiies ; 
thus, from SaccJiaromyces cerevisice, maltase and invertase may be extracted 
easily and also zymase, though with more difficulty (b^' grinding the t’east 
vith powdered quartz and forcing the extract through a porcelain filter under 
high pressure). 

These recent discoveries on the reversibility of the reactions effected by 
enzymes are of great importance, as it was at first thought that enz\mies or 
ferments in general were capable of causing only decompositions and not 
synthetic reactions, whereas their analogy vith inorganic ferments is now 
complete. The discoveries are all the more remarkable, since the same pheno- 
menon of vitality — ^in the single cell as in more complex organisms — maj^ be 
reduced to an enz\unic phenomenon ; that is to sav’, the exchange of material 
in the organism (decomposition, recomposition, growth) takes place b\" means 
of these organic catalysts, which cause the decomposition of food, preparing 
various complex materials which form the organism itself, and at the same 
time generating the energ}" manifested in the vitality, enzymic phenomena 
being alwa^'s exothermic. This hj^pothesis may, vith advantage, be substituted 
for the too abstract hiogen ^ hypothesis, to explain vital phenomena. 


This result is in harmony Trith Wohl and Schade’s theory, according to whit-h siigar when fer- 
mented passes through varioas intermediate products, especially lactic acid, this in its^ turn, 
being resolved into acotaldehj^de and formic acid ; the latter would then give carbon dioxide 
and hydrogen, the nascent hydrogen transforming the acetaldehyde into ethyl alcohol 
Note, p. 136). 

Similar phenomena were observed by Neuberg and Kerb (1913). Thus, by the action of 
enzymes, pyravio acid (CH 3 • CO • COoH) is transformed readily and completely into CO^ and 
acetaldehyde, vith simultaneous formation of ethyl alcohol (this is facilitated by proence of 
glycerol), probably from the aldehyde. Further, to the extent of So per cent, biityraldeliydo 
and valeraldehyde are converted by enzymes into the corresponding alcohols and a-ketobutyric 
acid into propyl alcohol. 

^ Hypotheses of Biogen, Toxins, and Genesis of Life. The physical and phy.dologieal 
basis of life resides especially in the protoplasm, the semi-fluid, almost always colourless, refract! \'e 
substance — insoluble in water — wMeh everywhere constitutes the essential part of the cell. 
Protoplasm is formed principally of protein substances, whilst it is thought that the fats and 
carbohydrates are not active components. To the protoplasm is attributed the fundamental 
property of vitality, i. e., the exchange of material, but it is not known how its components— 
the proteins — can have such properties or in what physico-chemical aggregation of the proteins 
(the plastidules and bionomads are regarded as morphological components or units of protoplasm) 
they have their origin. 

In animals one of the principal functions of the Hood is that of supplying the respiratory 
needs of the tissues in virtue of the hcemoglobin contained in the blood of vertebrates [besides 
fibrinogen, serum-albumin, and paragld)ulin ; whilst with the invertebrates there arc ecJiino- 
clirom, chlorocriiorin, hccmocrythrin, Ticemocyanin (containing copper), and pimioglobin (con- 
taining manganese), w'Mch have the same functions as hamioglobin] ; it is formed of a protein 
substance united mth a ferruginous compound, which takes up oxygen at the respiratory 
surfaces of the organism (skin, bronchi, and lungs), and brings it into close contact with the 
tissues. 

The vital processes of the organism being due to the exchange of material in the ceils oi 
protoplasm, the biogenic hypothesis assumes that this is brought about by a ve^ complex, labile 
compound, which, by being continually decomposed and reconstituted, maintains the inter- 
change uninterruptedly. By many this compound is called living albumin, hut Max Venvom 
(1895 and 1902) regards this as an unsuitable name, and does not think it has been shown 
to be a true albuminoid, although it is a nitrogenous substance; there are possibly several 
substances in a state of labile combination and these ho calls molecules of hiogen. 

It has been obser\'ed that in organisms, as in parts of them, vitality ceases when oxygen 
is eliminated, many of them subsequently (the frog even after twenty -five hours ) recovering it 
in presence of oxygen. From this arise two hypotheses : (1) the molecule of hiogen becomes 
labile, and hence gives rise to decompositions and recompositions, that is, to the vital process— 
since it unites transitorily with oxygen; ( 2 ) oxygen serves only to oxidise or eliminate the 
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In order to ascertain if a given action is due to enzymes or to organised 
ferments, the liquid is passed under pressure through a Chamberland porous 

decomposition products of the biogen {admittedly labile), and when there is no oxygen, these 
products are not eliminated, so that the decomposition and recomposition of the biogen are 
arrested. By experiments on the frog Verworn has shown that the former hypothesis is the 

more probable. . . . i t -i 

Since, in the vital process, under the action of oxygen, it is especially the carbon dioxide 
that is eliminated, often along with lactic acid, ivater, etc., whilst the elimination of nitrogenous 
substances does not increase, it may be assumed that biogen is constituted of a benzene nucleus 
with lateral chains of carbohydrate and aldehydic character and with an oxygen-carrying 
nitrogenous group which fixes the oxygen of the air (just as NO gives N02_ in the lead-chambers 
of siilphiirie acid works) and gives it up to the lateral chain, which is oxidised {Ehrlichs side- 
chain hypothesis, 1882-1002) to CO3, lactic acid, HgO, etc., these being eliminated; the nitro- 
genous group, thus reduced, remains united with the benzene group, which, with new food, 
forms tile biogen molecule, this being again decomposed by oxygen and so on.^ The digested 
food-materials carry, with the blood, new materials to the regeneration of biogen (without 
food, death ensucN), the oxygen then effecting the changes described above. The seat of tho 
biogen lies in the liquid protoplasm of the cell (not in its nucleus ), into w’hich oxygon enters in the 
state oi labile combinations not yet defined, but capable of giving it up when needed : these 
compounds are more stable in the cold than in the hot, and are those that carry on the vitality 
during prolonged fasts. Tlic.-e reserve materials arc probably formed by the decomposition 
of the food bj" moans of intracellular enzymes, which form the connecting -link between the 
living substance (biogen) and the non-living (foods), transforming the latter into the former. 

The biogen hypothesis is opposed by that of the enzymes as factors of the vital process and, 
given the varied nature of the phenomena and of the chemical transformations occurring in the 
living organism, and the variety of the numerous chemical groups forming a protein molecule, 
it is perhaps imprudent to refer all these phenomena to a single compound, biogen, when wm 
already know different enzymes which certainly effect well-investigated, definite reactions. 
From the action of different enzymes on the protein complex forming the protoplasm of tho 
cell, there results the many-sided phenomenon of vitality. In certain^ cases it is possible to go 
still further, as it must be admitted that many synthetic and analytic phenomena of organic 
substances (e. g., the fermentation of sugar) take place even without protoplasm, by the direct 
action of the enz}me alone {see p. 134). ^ 

Further, by simple catalytic actions, it is now possible to effect artificial fertilisation {arti- 
ficial parthenogenesis)-, for example, by treating unfertilised eggs of the sea-urchin with solutions 
of various chlorides, best of all, magnesium chloride, Loeb (1899 and 1900) obtained living 
larvae; Giard (1904) studied the artificial parthenogenesis of the star-fish {Asteria ruhens); 
Tichomiroff (1886 and 1902) and, better, Quajat at Padua (1905) obtained partial artificial 
parthenogenesis of the virgin eggs of the silk-worm. 

Most interesting of all are the investigations on serotherapy which have led to the most 
unexpected results when, instead of the observations being limited to the bacteria, the poisonous 
or beneficial substances which they elaborate or secrete have been considered. These toxins 
or antitoxins secreted by bacteria or formed in animal organisms also appear to be enzymes, 
exhibiting, however, their activity in phenomena of a different and more complex nature. 

Since 1902 Arrhenius, in conjunction first with the. head of the German school, Ehrlich, 
and later with that of the Danish school, Madsen, has devoted himself to the interpretation 
of serotherapy, making effectual use of all the modem laws of physical chemistry. He has 
succeeded in following and controlling the formation and action of toxins and antitoxins in the 
animal organism by empirical mathematical formulae, calculated beforehand from the results 
of previous experiments ; it is not improbable that the time will soon arrive when from these 
empirical formulae, suitably co-ordinated, rational formulae will be derived leading to new and 
important natural laws, from which general pathology will obtain great principles rendering it 
possible for man and other animals to be immunised against the attacks of pathogenic bacteria. 
Then, and only then, will man have triumphed over the microbe. 

By injecting more or less poisonous substances {toxins) into the animal organisms, the so- 
called anti-bodies {antitoxins) are formed in the blood, but their formation is probably incomplete 
in consequence of the laws of chemical equilibria discovered by Guldberg and Waage (Vol. 1., 
p. 65). 

The corresponding antitoxins are known for only a few poisons. Those of solanine and 
saponin (1901) and oi morphine {antimorphine) (1903) have been sought for in vain by inoculating 
guinea-pigs and rabbits, so that these three poisons are not to be regarded as toxins. From 
castor-oil seeds ricin has been extracted-^a toxin for which the corresponding antiricin is known ; 
also, seeds of Ahrus prcecatorius and Bohinia pseudomelia yield the poisons abrin and robin, 
for which the corresponding antitoxins have been obtained. Animals also produce anti -bodies 
of non -poisonous substances ; thus, if any cells whatsoever are injected into the blood, anti- 
bodies are more or less rapidly produced which have a special destructive action on these cells. 
Also by injecting rennet (which coagulates milk) an antirennet is obtained which is able to prevent 
the coagulating action of the rennet. 

From pathogenic bacteria are obtained anti-bodies (by inoculation) to certain proteolytic 
enzymp : in 1893 ffildebrandt found an anti-body to emulain and Gessard (1901) prepared 
an anti-body to tyrosinase {see above); from the serum of a goose inoculated with pepsin, H. Sachs 
(1902) obtained an antipepsin ; A. Schiitze (1904) obtained antilactase by making subcutaneous 
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porcelain filter, whicli retains the ferment cells, but not the ejizymes ; tlie 
filtered liquid is then examined to ascertain if it still produces the eiiz^mic 
action. Alternatively, the liquid may be mixed vith chloroform, which arrests 
all cellular life, but does not act on the enzymes. 


and intennuscular inoculations Tritli the lactase of Jcepldr {tchicli see), and similarly -were prepared 
anti-bodies to cyTiamse, zymase, 'urease, and the fibrin and pancreatic ferments. 

It is difficult to establish a limit or any essential difference betiveen enzymes or ferments 
and toxins, and the preparation of anti-bodies to all the«c active substances is, perhaps, only 
a matter of time. The anti-bodies are divided into two classes, according as they are obtained 
by inoculation of homogeneous solutions (toxins) or of emulsions of bacteria or cells (red blood 
corpuscles), etc. The anti -body formed by the inoculation of a homogeneous solution com- 
bines with the toxin of the latter, forming an innocuous substance, which is called an antitoxin 
if soluble or a precipitin if insoluble. The injection of bacteria sometimes leads to the formation 
of anti-bodies capable of dissolvirhg the bacteria themselves (from which they are derived) and 
these anti -bodies are then termed lysins (hacteriolysins). There may also be formed anti -bodies 
which agglutinate the inoculated cells, e., aggluHnim, but this ^epemls on the presence of 
salts. The cholesterin and lecithin of the organism often form part of the toxin or antitoxin. 
Cholesterin, for example, acts as an antitoxin to Uianotysin and other lysins. According to 
Metchnikoff it is the leucocytes (white corpuscles) which produce the antitoxins, but this has not 
been rigorously proved, although Wright has sho^vn that certain anti-bodies {opsoiiins) exhibit 
their activity against bacteria only in presence of leucocj'tes. 

That the action between toxins and antitoxins resembles chemical neutralisation was assumed 
at the time of the discovery of the first diphtheritic antitoxin by Behring and Kitasato in 1890, 
and was supported by the German school with Ehrlich at its head. From 1893, however, the 
French school (Roux, Vaillard, Metchnikofi) and also Buchner held that the antitoxins exert 
a physiological action, exciting, as it were, the organic tissues to resi.st the attacks of these 
poisons (toxins). When, however, Ehrlich showed that the agglutinating action of rkin on the 
red blood corpuscles (suspended in physiological serum, that is, in 0-9 per cent. NaCl solution) 
could be annulled by simply adding antiricin, and because he showed that the neutralisation 
of the action of a given quantity of toxin required the presence of a proportionate amount of 
antitoxin, most scientific men abandoned the physiological hypothesis. Ehrlich's more recent 
studies on the action of two arsenical compounds on the toxins have led to the cure of sleeping- 
sickness and probably to that of syphilis (% means of the product 606). In suitable conditions 
of temperature, etc., the original toxins may be regenerated from the antitoxins by a reversible 
process (Reversible Reactions, Vol. I., p. 66); tms was shovm by Morgenroth (1905) by dis- 
sociating the antitoxin with a little HCl and destroying the anti-body at 100®, thus obtaining 
the original toxin. So that validity can no longer be ascribed to the hypothesis of Behring 
(1890), Nemst (1904), and Biltz, Much, and Siebert (1905), according to which the toxins are 
absorbed by the colloidal antitoxins and then destroyed. 

The toxins and antitoxins, although colloidal substances, difiuse easily and give osmotic 
pressures according to van ’t Hoff’s law. 

^ Toxins diffuse through water and gelatine much more rapidly than antitoxins, so that a 
mixture of the t-wo bodies can be .separated into its components. The difference in the rapidity 
of diffusion depends on the molecular magnitudes (according to E. W. Reid, liEemoglobin has a 
molecular weight of 48,000). The molecular weights of the antitoxins would be 10 to 100 times 
as great as those of the toxins. 

The velocity of reaction of the different toxins does not depend, as Morgenroth supposed, 
on catalytic actions, hut, as Arrhenius and Madsen showed, on the temperature, and is re,gulated 
by a law deduced from thermodjmamical considerations based on van ’t Hoff’s laws of solutions. 

A number of other factors of the vitality of the organism — digestion of food, assimilation 
of carbon dioxide by plants, development of the egg, production of alcohol during the fermenta- 
tion of sugar, etc.— are due to enzymes or toxins and antitoxins, the actions of which are regulated 
by the laws of chemical equilibria and of the velocity of reaction, and are perhaps not discon- 
nected from catalytic phenomena or from reactions similar to or identical with those assumed 
by the biogon and side-chain hypotheses. 

Further, the studies of 0. Lehmann and of S. Leduc (1896) on Liquid Crystals, accord- 
ing to which, under certain conditions, solutions of substances can assume the form of crystals 
or of cells that grow, multiply, and die, like actual organisms (see Vol. I., p. 117), furnish a 
probable explanation of the transition from organic substances to organised bodies. Thus, 
after what has been stated above, the entire cycle of the genesis of life can be comprehended, from 
the transformation of inorganic substances into organic (see pp. 1, 35, and 111, and later : Synthetic 
Alcohol) and of these into organised (or living), by hypotheses based on scientific facts. It still 
remains, however, to explain the origin of the inorganic world, tenestrial and extra-terrestrial, 
the answer of science being that, in accordance with Lavoisier’s law', notliing is created and nothing 
destroyed, so that the inorganic w'orld has always existed and is eternal, and eteinal also is its 
continuous evolution. 9’his is the actual limit of human know'ledge, which, in its imperfection, 
cannot explain the infinite and the eternal. Ko metaphysical ]jhilosophy has succeeded in 
obtaining a final clue to this secret of eternity, since it is not a plausible or even rational explana- 
tion to refer the eternity of the inorganic w'orld to a hypothetical, abstract, supernatural being 
who created everything from nothing, in contradiction to the fundamental laws of positive 
science, the first of all of these being those of the conservation of mass and of energy. 
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A liquid containing an enzyme is coloured blue by the addition of an alcoholic 
solution of giiaiacimi resin, previously mixed with a drop of hydrogen peroxide. 

The enz}Tnes are, as a rule, destroyed by boiling. 

During recent years numerous experiments have been made on fermentation by means 
of filtered extracts of ferments free from cells. The components of such extracts have been 
studied in various waj’s and attempts made to precipitate fractionally various enzymes 
(e. g., by acetone or colloidal ferric hydroxide); most of these precipitates lose, however, 
much of their fermentative power, and for the latter to be a maximum a necessary condition 
seems to be the presence of the co-enzyme, which may be separated from the enzyme by 
fractional precipitation. According to Ivanoff (1910) alcoholic fermentation by means 
of zymase appears to take place in three phases ; (1 ) depolymerisation of the glucose ; 
(2) the action of a soluble co-enzt-me, syntase, yielding a phospho -organic compound 
(compound of phosphoric acid with a triose resulting from the depolymerisation mentioned), 
{see notes on pp. 136 and 147), and (3) resolution of the phospho -organic compound with 
generation of alcohol, by the action of alcoholase (slightly soluble co-enzyme of zymase). 

Since 1899 various attempts have been made to extract enzymes from fresh yeast 
(containing 75 per cent, of water) by jplasmolysis with solutions of salts or glycerine or in 
presence of cliloroform, etc. (Lintner, Hahn, Be Meulmestre, Rinckleben, van Laar), 
for twenty to thirty hours at 25“^, but liquids of little activity were thus obtained. A. von 
Lebedeff (1912) obtains better results by simple maceration for two hours at 35° or for 
six hours at 25°, and if either co-enzyme concentrated in a vacuum or disodium phosphate 
is added to the liquid thus obtained, a highly active fermenting medium is produced. The 
maceration method may be applied also to yeast dried at 15°.^ 

A number of attempts have been made, without marked success, to prepare enzymes 
by chemical means away from, and independently of yeast cells. However, A. D. Bar 
(U.S. Pat. 1,051,061, applied for in 1909 and granted in 1913) obtains an enzyme of great 
catalytic activity by molecular scission of protein substances with alkali and acid ; thus, 
pepsin is treated for twenty-four hours with ammonia, and, after removal of the latter, 
for five days with acetic acid, distillation of the latter then leaving a brown, hygroscopic 
powder which is soluble in water and insoluble in alcohol, ether, or chloroform, and exhibits 
ver}-" active enzymic properties. 

Certain substances exist which increase or enhance the actions of various enzymes; 
thus, according to Hoyer, Tanaka, Balk, and Hamlin (1913), the inactive zymogen of the 
lipase of castor-oil seeds is transformed into active enzyme by manganese sulphate, although 
other oxidising agents give either negative or but slight effects. 

INDUSTRIAL PREPARATION OF ALCOHOL. As already mentioned, 
the prime materials are saccharine or starchy substances; the latter, by the 
action of enzymes (diastase and maltase), are transformed into maltose and 
glucose, and then by the action of the zymase contained in yeast-cells (species 
Saccharomyces, see pp. 134 and 146) the glucose is transformed, to the extent 
of 95 per cent., into alcohol and CO 2 , wi4h evolution of heat. 

The treatment of the starchy materials is carried out as follows : the 
slarch is obtained from various prime economic materials, namely, maize 
(especially in Italy, Hungary, and America), potatoes (Germany, France, 
England, and Russia; attempts to introduce the potato industry into Italy 
have as yet come to nothing) ; cereals (Russia and England) ; rice (England, 
Japan, China, Italy). 

There are two practical processes : (1 ) the action of dilute mineral acids 

^ Diamalt or Diastofor. Of great industrial importance are very active diastases obtained 
as more or less concentrated extracts of barley malt [see later, Beer), these being used, as con- 

f , 1.1 'qronchitis, incipient phthisis, etc. 

concentrated malt extracts em- 

, . ^ ^ ung starch and removing the dressing from textile fabrics 

Textile fibres) and also in baking, the degradation of the starch of the flour which it 
initiates facilitating the subsequent action of the yeast. 

These ^extracts contain 60 to 70 per cent, of reducing sugars (three-fourths maltose) and 
5 to 7 per cent, of nitrogenous substances ; they are often adulterated with glucose, dextrin, etc. 
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in the hot, and (2) the action of certain h3'drolj'tio enzvmes (lihe rllmla^ie 
contained in malt). 

(1) Trcinsformaiioii of starch by dilute acids. In this transfomiafion starch viclcls 

glucose almost qiiantitatively : (CeHioO-)^ (starch) + ?iHoO = ; au/ siiail 

deal more in detail with this process later on, in the section on Glucose. At present only 
the second process will be considered. 

(2) Transformation of starch by means of enzymes. Of the enz 3 Tiies, that which is 
of the most service industrial, is diastase. It is formed more especially during the 
early stages of the germination of cereals (maize, barley’, etc.), and this germinated grain 
forms malt, which is most favoured by a temperature of 45" to 55" in its transformation 
of starch into dextrins [amylodextrin, eiythrodextrin, achroodextrin, (C^.HooO.qV] and 
into maltose and isomaltose, 0 ^ 2 ^ 22 ^ 11 * 

As has been already mentioned (p. 136), this reaction is regulated by the 
laws of chemical equilibria, and depends especially on the temperature : between 
45° and 50° maltose is preferably formed, and at about 60°, dextrin. 

We have already noticed how maltose is transformed into glucose by means 
of maltase, and bow the chemical equibbrium is displaced, by gradually trans- 
forming the glucose into alcohol by the zj'mase of the yeast during fermentation. 

Of the various malts used industrially, that of barley is the most active, then follow 
wheat and rj’e, and, finally’, maize ; the last-named is one-third less active than that of 
barlej^ but owing to its low price has practical advantages, and in Italy is the one most 
commonly used. 

In describing the industry of brewing, we shall deal in detail with the practical manu- 
facture of malt, and we would refer the reader to that section for a description of the 
preparation of maize malt, which does not differ from that of barley malt. 

As regards the use of chlorine dioxide to increase the germinative power of maize, 
as proposed by Effront, see Vol. I., p. 186. 

The starchy matters forming the starting materials of the alcohol industry (cereals, 
potatoes, etc.) cannot he subjected to the action of diastase unless their starch is first 
transformed into a semi-solution (starch-paste) by treating with water or steam at a high 
temperature; the starch-granules swell and then burst and readily assimilate water 
(potato starch at 65°, maize starch at 75°, barlej’ starch at 80°). The materials are hence 
first macerated or ground, and then extracted with hot water, to be subjected subsequently 
to saccharification with malt and finallj^ to alcoholic fermentation. 

The following Table gives the amounts of starchy and extractive mattci'S per 100 kilos 
of various materials, together with the theoretical fields of alcohol : 




extractive niattejs 

Alcohol 

Wheat 


. 65-68 kilos 

32-34 kilos 

Maize 


■ • 62-67 „ 

31-33 „ 

Barley 


. 63-65 „ 

30-32 „ 

Rye 


. 66-69 „ 

34-35 „ 

Rice 


. 78-82 „ 

39-43 „ 

Durra 


. 61-64 „ 

30-32 „ 

Green potatoes . 


. 18-20 „ 

9-10 „ 

Dry potatoes 


. 68-70 „ 

34-35 „ 


In washed potatoes the starch is calculated from their specific gravity {see later : Starch). 

In cereals and potatoes the content of starch may be determined as follows : 200 grams 
of potatoes (75 grams of ground cereal) are heated in a flask with 600 c.c. of water and 
10 c.c. of ly^drochloric acid (sp. gr. 1-2 = 4-7 grams HCl) for ten hours at 90°, the volume 
made up to 1 litre and 3-5 grams of the HCl neuti-alised with caustic soda (leaving 1 gram 
free) ; the whole is poured into a larger flask, a few grams of beer-yeast being added and 
the flask kept at 25° for two or three days until the fermentation is over, when half of the 
liquid is distilled and the alcohol estimated in the distillate by means of the specific gravity. 
100 kilos of starch yield practically 63-5 litres of alcohol. This method gives also the 
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yield of alcohol (other methods for the exact determination of starch are given in the 
chapter on Starch). 

The fresh potatoes arc washed free from stones and earth in an Eckert mechanical 
washer (Fig. 105), passing first into a rotating sieve, E, which removes the stones and, 
by means of the blades, F, carries the potatoes into the tank, A, through which water 
flows and in which they arc stiiTed by the vanes, C, fixed to a rotating axis ; the latter 

is inclined in such a way that the 
potatoes are gradually forced to 
the far end of the tank, where 
a rotating disc, furnished with 
perforated blades, (?, collects them 
and removes them from the tank. 
A bucket elevator raises them to 
the opening of a Pauksch’s im- 
proved form of the conical Henze 
autoclave (Fig. 106), rrhich is 
made of sheet -iron, has a volume 
of 2500 to 3000 litres, and takes 
about 1500 to 3000 kilos of 
Fig. 105. potatoes ; in this they are treated 

for an hour or more with steam 
at 2-5 to 3*5 atnios. pressure. Such an apparatus may also be used for treating maize 
and other cereals, and gives a much denser wort than was previously obtained when 
steam at 100° ■was used; in addition, it effects a better dissolution of the starch, and 
is of advantage to manufacturers in countries where the alcohol tax is based on the volume 
of w’ort fermented (or of the fermenting vats). The steam is passed in at the top by the 
tube 5, and is distributed uniformly over the interior by means of a perforated pipe 
(sho-wn dotted at c), the tap, g, at the bottom 
being left open to discharge the condensed water. 

When the whole mass is hot, steam begins to 
issue from this tap and drives out all the air. 

The tap is then shut, and the pressure, shown by 
the manometer, e, soon rises to 3 atmos. After 
about forty-five minutes at this pressure (tem- 
perature 135°), the conversion is complete. 

With damaged or frozen potatoes, the st^m is 
allowed to issue for an hour from the tap, g, 
before raising the pressure, and steam is then 
passed in by the pipe b' as well. A pressure 
higher than 3 atnios. turns the mass brown, 
owing to caramelisation of the" maltose. To 
discharge the apparatus, the pressure is main- 
tained at its maximum and connection made 
with the discharge pipe, i, by opening the valve, 

Ih At the bottom of the cone, just above Ic, is 
a horizontal disc of cutting grids, through which 
the whole of the mass is forced by the steam- 
pressure and thus converted into a paste; the 
pipe i carries it to the coolers and then to the 
wort vessels, where suitable sthrers complete the 
gelatinisation of the mass. 




In order to avoid danger of explosion, the Henze autoclaves should be tested once a 
year to ascertain if they are capable of withstanding the pressure employ 
may become weakened at rusted parts. ^ ^ 

of m to’un\-r'*er? 'Addition 

e VtWh M of water per 100 kilos of cereals, since these contain less water (15 per 
cent ) than potatoes (75 i»r cent), and without the water the desired fluidity of the starch 
would not be obtained. The volume of the autoclave is 350 litres per 100 kilos of maize 
If a pressure of o atmos. camiot be easily attained in the autoclave, instead of using the whole 
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grain, it is better to crush or grind it coai-selj’ and then to introduce it into the necessary 
quantity of boiling water in the autoclave. During the boiling, the maize should be kept 
in continual motion by steam-jets at the bottom and along the autoclave, or by an air-jet 
at the bottom with an outlet at the top, so that a spiral motion is imparted to the mass 
(Fig. 107). Only rarely are mechanical stirrers employed inside the autoclave. After 




Fig. 107. 


Fig. 108. 


an hour’s heating the pressure reaches atinos. and is raised to 3 atmos. in another hour. 
The mass is then discharged in the usual way. 

Maize that is too dry is steeped in water for a day before boiling. 

Maize always contains a little ready-formed sugar (1*7 to 10 per cent.), and this must 
be allowed for in calculating the yield and also in order to avoid too protracted heating, 
which caramelises the wort and injures it 
by decomposing the large proportions of 
fat present. 

Saccharification is eSected by means of 
malt (2*5 to 3 per cent, on the weight 
of maize) added to the starchy mass at a 
concentration of about 14° Be. and cooled 
' to about 50° ; if it is too cold, it coagulates 
and the diastase acts irregularly; at 35° 
to 40° the lactic fermentation readily takes 
place; above 65° to 70° the diastase is 



Fig. 109. 



altered and rendered less active, dextrin being then formed in preference to maltose. The 
paste from the Henze autoclave is cooled in various ways, e. g., with Ellenberg’s apparatus 
(section, Fig. 108 ; plan, Fig. 109), in which it is dropped from the top of a pipe into a 
vessel similar to the hollanders used in paper factories {see Paper), where it is mixed, 
cooled, and broken up by a rotating drum, T, fitted with knives which graze other knives 
fixed to an inclined plate, d, at the bottom of the vessel ; the drum makes 200 revolutions 
per minute; above the pipe,/, by which the paste enters is a Korting injector, e, which 
produces a strong current of air, and thus facilitates the cooling of the paste during its fall. 



144 0 R G A N I C C H E M I S T R Y 

Ai tlie present time preference is given to apparatus with centrifugal stirrers, the 
cooling and also the saccharification being carried out in these. Fig. 110 shows the 
Hentschcl apparatus. The hot starch-paste from the Henze converter passes through the 

pipe b into the vessel A, where it is cooled 
by water flowing from m to n through an 
internal coil ; the mass is mixed by means' 
of a kind of screw, B, rotated by bevel- 
wheels outside the vessel and the air- 
draught is produced by the Korting 
injector, r. Fig. Ill shows a section of 
the Pauksch masher, in which the 
cooling is effected by means of water 
circulating through the jacket, G, sur- 
rounding the vessel, the liquid being 
mixed by four blades, p, which are 
rapidly rotated (300 revolutions per 
minute) by the pulley, S, and, as they 
graze the bottom of the vessel, have also 
a grinding action. A battery of Henze 
autoclaves is sometimes used in con- 
junction with one masher (Fig. 112). 

Since, during this saccharification, 
which may last three or four hours (and 
is complete when a test of the liquid, 
PiQ, HP now very fluid, no longer gives the blue 

starch reaction with iodine solution), 
the mass may become infected with extraneous bacteria, which may have a harmful* 
influence during the alcoholic fermentation of the wort, it is usually heated for a few 
minutes at 70° to 75° to kill these germs. This procedure has, however, the disadvantage 
of destroying the diastase, which 
can always play a part during 
the fermentation, and of increas- 
ing the quantity of dextrin. 

In the Efiront process {see 
later), the fermentation is carried 
out in presence of hydrofluoric 
acid, which kills all the bacteria 
but not the yeaat (previously 
acclimatised to the hydrofluoric 
acid), so that the saccharification 
may be effected at the most 
favourable temperature (55°) 
without subsequently heating to 
75°. 

As soon as the saccharification 
is terminated, the wort should be 
cooled to about 20°, and the 
fermentation started. This cool- 
ing may be accomplished in the 
masher, with suitable internal 
coolers (Fig. 110), but it is better 
done in appropriate apparatus. 

One form of horizontal 
Hentschel refrigerator is shown 
in Fig. 113. The horizontal 
rotating axis (40 to 50 turns per minute) is formed of a tube, to which is fastened a deep 
screw and in which cold water circulates from h to h The screw moves in a horizontal 
cylinder through which the hot wort is forced by the screw in a direction (6 to/) opposite 
to that taken by the water; the temperature of the wort at the outlet,/, is controlled by 



Fig. 112. 
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regulating the flow of wort and water, and, if necessary, by spraying the exterior of tlie 
cylinder with water by means of the tube 1. With 700 c.c. of water, a litre of wort is 
cooled from 60^ to 10^. 

To separate the solid 
residue, husks, etc. {grains), 
from the wort, the latter 
is filtered cold, through 
dehuskers, which have 
different forms, some fixed 
and some revolving. The 
most recent Pauksch type 
consists of a kind of 
centrifuge (hydro-extrac- 
tor) with a fine copper 
gauze basket, almost like 
the centrifuges used in sugar factories {see Sugar). 

Brewers and distillers often use also the Hentschel deliusker (Figs. 114 and 115), con- 
sisting simply of a rotating drum, ith a siiral of metal gauze, wdiich carries the drained 



Fig. 114. Fig. 115. 


grains to the middle and discharges it in cakes through doors which close automatically ; 
the liquid flows to the bottom and passes to the fermenting vessels. 



Fig. 113. 



ALCOHOLIC FERMENTATION. Industrially the transformation of saccharine 
worts into alcoholic liquors is always effected by means of organised ferments (or yeasts). 

Worts left exposed to the air at 



Fig. 117. 



15'' to 30° ferment spontaneously, 
but, owing to the different species 
of bacteria present, not only 
alcoholic fermentation, but also 
harmful secondary fermentations, 
such as the acetic, lactic, butjwic, 
etc. (the corresponding bacteria 
are shown in Fig. 116), develop. 


Owing to the studies of Bees, 


and more especially of Hansen, it is nowadays admitted 'by everybody that the principal 
agent of alcoholic fermentation is Saccharomijces cerevisiie (Fig. 117, a, b, and c), a fungus 

VOL. n. 
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that multiplies by budding and has varying dimensions (2*5 to 10 /x) and appearance 
according as it develops at the surface (Fig. 118) or in the body of the wort (Fig. 119). 
In Fig. 120 is represented a cell of the ferment magnified 4000 times and showing the 
granulations, vacuoles, protoplasm, cell-wall, etc. In spirit distilleries, a mixture of two 
varieties of yeast (top- and bottom-yeasts) is used, these being of the same race, but not 
interconvertible ; often top-yeast is preferred, as it is more active, whilst in lager-beer 
bre%veries, where the fermentation is slow, bottom-yeast is mostly used (.see later : Beer). 

The final result of the decomposition of 


maltose by yeast may be expressed thus : 

actually, however, the maltose and dextrin 
formed from the starch are transformed into 





Fig. 118. 


Fig. 119. 


glucose by the action of the maltase contained in the ferment along with the zymase, 
the latter then converting 95 per cent, of the glucose into alcohol and carbon dioxide 
with develoj^ment of heat (if the glucose were transformed completely into -f- COg, 
the evolution of heat would be seven times as great) : 

CgHjgOg (glucose) = SCgH- • OH -j- 2 CO 2 + 22,300 cals. 

In general ferments decompose or ferment carbohydrates containing in the molecule a 
number of carbon atoms divisible by three, but they 
exhibit a preference for certain stereoisomerides. 

A small part of the sugar serves for the growth 
and multiplication of the yeast (Pasteur), about 
3 per cent, of it is converted into glycerol,^ about 
0*5 per cent, into succinic acid, and the remainder 
into higher alcohols forming fusel oil, this consisting 
mostly of amyl alcohol ' OH, isohutylcarbinol), 

with small proportions of isopropyl alcohol, butyl 
alcohols, and esters. Ehrlich (1909) has shown, 
however, that fusel oil and succinic acid are formed 
by the decomposition of the amino-acids which 
constitute the cells of the ferment. 

Eor their nutrition yeasts, like bacteria (see p. 
132), derive carbon from the sugars (maltose, etc.), 
and, in some cases, even from methyl and ethyl 
Fig. 120. alcohols (4 per cent.); the nitrogen may be taken 

from ammonium salts, amino-acids, nitrates, urea 
or even free ammonia. Sometimes yeasts assimilate certain sugars (e.'g., 
maltose, inelibiose, raffinose) without hydrolysis being necessary, i. e., without 
fermenting them, while sometimes various sugars (e. g., glucose and saccharose) 
are not assimilated, but are fermented. 

f u f formation of glycerol during fermentation has not yet been explained ; it is thought 
^t It lorms a direct secondary product from the decomposition of the sugar into alcohol and 
n onfiYi, action of lipase on the fats and oils of the ferment cells ; Buchner 

(lyuo) noMs that it is formed from the sugar, but by a special process ; Reisch (1907), however, 
ncls no relation between the amounts of alcohol and glycerol formed, and hence regards it not 
as a product of fermentation, but rather as a metabolic product of the yeast. 
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The theoretical yields of piire alcohol from various sugars are as follow 


100 grams of saccharose 

„ j, maltose ^ 12 ^ 22^11 

„ „ starch 

,, ,, glucose CgHjgO, 


-51*11 grams or 64*6 e.c. of alcohol 
51*11 „ 64-6 „ 

-56*80 „ 71*8 „ 

7 61*6 ,, 


Various sugars, however, do not ferment directly (saccharose, lactose, etc.), 
but must first be inverted, that is, transformed into liexoses (fermentable 
sugars with six carbon atoms), but ordinary alcoholic ferments (saccharo- 
mycetes) contain the inverting enzymes (besides zymase), and hence can effect 
inversion and then fermentation. ^ 


The fermentation industries in general, and the alcohol industry in particular, have 
made marked progi-ess since the introduction of pure ferments. The cultivation of pure 
yeasts has at the present time become a special industry of great 
importance; all precautions are taken to select and cultivate well- 
defined races of ferments, and this is especially owing to Hansen of 
Copenhagen, who, by thirty years of study and experiment, showed 
the great practical value of the selection of yeasts. The first pure 
cultui’e is made in a moist chamber of glass, c (Tig. 121), fixed on a 
microscope slide, d ; the whole is sterilised, either by a flame or by heating for two hours 
in an oven at lo0°. Sterilised water is placed on the bottom of the chamber to keep the 
atmosphere moist, and the chamber placed in an incubator at 30“'' to 35®. The yeast 
culture is developed in a drop of gelatine, h, adhering to the lower side of the cover-glass 
covering the chamber. 

The culture of pure ferments may also be carried out in Chamberland fiasks of 30 c.c. 
capacity (Fig. 122), half filled with nutrient gelatine and fermentable substances, and 
covered with a glass cap full of sterilised cotton- wool. 

The more or less pure yeast which it is desired to cultivate is introduced by means 
of a sterile platinum wire into a flask containing sterile water, which is well mixed and 
should become Just turbid. A drop of this water is then examined under 
the microscope in order to ascertain the number of yeast cells it contains. 
By means of a platinum wire sterilised in a flame, a drop of the water is 
introduced into a Chamberland flask containing liquefied gelatine at 35°. 
After the latter has been well shaken, a drop of the gelatine is examined 
microscopically on a glass micrometer (marked with crossed lines) to see 
that there are not too many or too few cells present, since the colonies 
that ultimately develop from the single cells should remain sufficiently far 
apart from one another not to mingle. Of this inoculated gelatine, one or 
more drops are placed on the cover-glass of the moist chamber, this being 
Fig. 122. kept under a bell- jar until the gelatine has solidified and then placed, 
upside down, on the chamber. In a thermostat at 25° the yeasts are usually 
sufficiently developed after two or three days, and the various colonies are then examined 
under the microscope to ascertain if one or more of them are pure, that is, constituted of 
similar cells of one and the same yeast. Each of the pure colonies is touched separately 
with a small piece of sterilised platinum wire, which is immediately dropped into a Pasteur 
flask (125 c.c. ) charged to the extent of two-thirds with a nutritive solution (e. g., malt wort) 
(Fig. 123 ), the rubber tube being momentarily removed. The flask is at once closed again, 
and is then kept in a thermostat at 25° to 28°. After two days the liquid will be in a state 
of active fermentation, a large quantity of the yeast having been formed. Each of these 
flasks represents a pure culture (provided that the proper precautions have been taken in 

^ According to Boyseii -Jensen (1909) the zymase of alcoholic ferments is constituted of 
two enzymes : dextrase and diJiydroxyacetmase^ glucose first forming 2 mols. of dihydroxy acetone 
OH • CHg • CO • CHa • OH {iriose, see p. 136), which to a small extent may be fixed in the form 
of oxime or hydrazone {which see) by means of hyclroxylamine hydrochloride or methylphenyl- 
hydrazine acetate; the dihydroxyacetonase then'decomposing the dihydroxyacetone into 200^ 
and 2C3H5OH. The dextrase alone would give directly alcohol and COg if glycerol were added 
to the solution of glucose. With zymase (which contains dihydroxyacetonase), pure dihydroxy- 
acetone gives alcohol and CO2, whilst -R-ith oxydases it gives only CO^. 




Fig. 121. 
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the inoculation). All the cultures arc, however, examined, one or two drops from each 
flask being observed under the microscope. 

These pure yeasts or other pure ferments are largely used by brewers and distillers,- who 
iiave yeasts suited to their needs selected and preserved by scientific institutions, from 
which* cultures in Pasteur flasks are despatched to them when the organisms in their own 
fermenting vessels begin to degenerate or become contaminated. In Fig. 124 is shown 
diagrammaticaliy an apparatus for the industrial preparation of selected yeast ; the metal 
reservoir, C, provided with a safety-valve, g, and a manometer, r, is filled, by means of the 
pump, ii, with air filtered through a cotton- wool filter, t, and compressed under a pressure 
of 3 to 4 atmos. The vessel, A, is first sterilised with steam under pressure, which enters 
at the tap,/, whilst the air is driven out through the tube &, dipping into a vessel of mercury 
forming a seal. Wlieii the cock,/, is shut, g is opened so as to allow air to filter through 
fl into A. Hot wort is introduced into the reservoir. A, heated to boiling and then cooled 
by means of a water-spray issuing from an annular tube, e, and bathing the outside of 
A. The fermenting vessel, B, which is sterilised in the same way as A, is also furnished 
with a cotton- wool filter, Ih a-nd a hydraulically scaled tube, i p, through which the COg 
is to escape; the glass tube, 0, which is a continuation of the filter, indicates the level 
of the liquid inside the vessel. It is further provided with a vertical stirrer which is set 
in motion by the handle, /r, and serves to mix the wort and yeast which are introduced 




through the small tap, 1. A slight air-pressure is maintained in both A and B in order to 
prevent external contaminated air from entering either when the discharge-cock, jw, for 
the fermented wort is opened or through any leaks there may he in the apparatus. In 
this way B may be used for a year or more without contamination taking place, a little 
residual yeast being left after each operation to ferment the succeeding charge of wort. 
The sterile wort, cooled to 15°, is passed from A into B by means of the tube a n, and 
before it reaches the level of the tap, I, the pure yeast contained in a Pasteur flask is intro- 
duced through this tap; B is filled to the extent of about three-fourths (about 200 litres) 
with the wort from A, the whole being then well mixed. When the fermentation is ended 
(in three or four days with worts for alcohol production, or in eight to ten days for beer 
worts), the yeast is allowed to settle ; the fermented wort is discharged from m hy increasing 
the pressure of the air and, ’when it begins to issue turbid (owing to suspended yeast), m 
is closed and about 30 litres of w^ort introduced from A and well mixed in, 30 litres of the 
turbid yeasty liquid being then run off from this amount being sufficient to induce fer- 
mentation in 40 hectolitres of wort in the ordinary fermenting vessels ; a further quantity of 
30 litres of wort is then run in from A and, after mixing, another 30 litres of yeasty wort 
drawn off. That remaining in B serves for the next operation. This is the procedure 
adopted in large breweries and distilleries, whilst in yeast-factories the wort is prepared 
from barley and rye under the action of malt for an hour at 60° and for about twenty-four 
hours at 40° to 44°, in order to produce about 1 per cent, of lactic acid, which peptonises 
the proteins and so affords better nutriment for the yeast, the action being completed by 
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the addition of 10 grains of sodium or ammonium phosphate per hectolitre of wT.ri. Thu 
wort is then fermented as above at 18= to 20% and the yeast, which is formed in large 
quantity, is washed with water by decantation, freed from excess of w-ater in centrifuges 
or filter-presses, and made into a paste with 5 to 10 per cent, of potato -starch, forming 
cakes W'hich are sold under the name of j)ress&l yeast. 100 kilos of rye yield 16 kilos 
yeast. ^ 

lAan ^ Germany more than 21,000 tons of yeast verc made in 1910, from 

■ H A exported annually ; in five factories alone over 11,U00 tons were produced 

in 1909. _ In 1912 the output reached 43,000 tons. 

Italy imported the following quantities of yeast : 

190j 190S 1910 1912 1913 IGli 1915 I9ii 

Tons . . . 1,36 292 362 582 509 210 30 9-7 

Value (£) . . 13^080 20,940 20,495 7,564 1,080 — 

' Certain of the Trench factories export as much as thrt'c or four tons of pressed yeast per day. 
Li Austria, the law of May 18, 1910, regulates the trade in yeast so as to prevent adulteration 
and mixture. 

In October 1912, the S 5 mdicatG of German yeast manufacturers decided to lower the price 
by twopence per kilo (to about lOd. i)cr kilo), ovincr to the lower prices of the raw materials 
(barley, rye, etc.) in the world’s markets, and with the view of preventing development of the 
works outside the syndicate. Tormerly the addition of 20 per cent, of' starch to the yeast 
■was allowed (if declared), but such addition is now prohibited. 

Yeast is used (after repeated washing to remove bitter substances, and subsequent diyina) 
as a concentrated food for invalids {marmife) and as concentrated fodder for cattle f removal 
of the bitter matter then unnecessarT,- ). Vith hems and geese it has given results good as those 
obtained with meat pow’dcr (in increasing the output of eggs). As human food it serves to 
replace plasmon and somatose (as it contains 2 per cent, ot lecithin); it is used also in the 
treatment of boils, etc. Its nutritive properties are due to its liighlv assimilable protein sub- 
stances, these in somatose costing more than £4 jjcr kilo. In the moist state it contains 75 to 
80 per cent, of w'ater, but with care it may be dried without lo.'S in nutrient quality ; a sample of 
such dried yeast showed on analj-sis the percentage composition: W'ater, 1<5 "to 3; ash, 8; 
crude protein, 54; cellulose, 1-5; non-nitrogenoua extractives, 29; lecithin, 2-2. To obtain 
dry yeast, the yeast may be suspended in w^ater and air passed through the latter for seventy-two 
hours, the protein matters being thus modified so that they withstand gradual drying; another 
process consists in mixing sugar with the pressed yeast and drying at 50°. 

In Germany until 1912 there w’as a large excess of yeast not utilised. If the waste yeast 
from all the fermentation industries were collected, it would amount to about 70,000 tons per 
annum (in Germany). If, however, all the pressed yeast were used as concentrated fodder, the 
output would be insufficient. The yeast distillery of DeKt (Holland) produced more than 
7500 tons of yeast and 200,000 hectolitres of alcohol in 1912. The large.st consumers of pressed 
yeast are the bakers. 

At one time, with a yield of 30 to 32 per cent, of alcohol on the weight of cereal used, the 
amount of yeast obtained was 12 to 14 per cent. During recent years a marked increase has 
been effected in the quantity of yeast (up to 20 per cent.),"the jield of alcohol being diminished 
by vigorous aeration of the wort during fermentaticoi (30 to 40 cu. metres of air per hour for every 
100 kilos of cereals converted into wort). By the new Braasch process the yield of yeast may be 
raised to 40 per cent, and that of alcohol lowered to 15 per cent, (under some conditions of the 
market the production of yeast is more remunerative than that of alcohol). The value of yeast 
in Germany is calculated at about £38 to £40 per ton, and some factories produce as muS as 
500 to 1000 tons per annum ; the alcohol is valued at £1 S-s. per hectolitre. 

In the old Vienna frocess, w'ort.s of 10° to 20° Balling (or even heavier) were fermented by 
means of yeasts prepared with w'orts rich in lactic acid (100 c.c. of this wort should require 
12 to 14 c.c. of normal sodium hydroxide solution for neutralisation). "When the fermentation 
wns complete, the yeast was collected by means of ladles and despatched along channels into 
vats, wffiere its activity was arrested with cold water. After this, it wns shaken on silk sieves, 
which retained all the husks or grains ; the yeast passing through the sieves w'as washed two 
or three times with w^ater and, after settling, pressed into cakes. In 1887-1890 all yeast factories 
Tvorked on this plan, but now’adays only fe-w of them do so. 

new Braasch aerati cm process starts from clear -wort and green malt (non-kilned ). The 
cereals for preparing the mash and thus the wort are^no longer ground, but are softened with 
water and then crushed. The mashing of the green malt is carried out in a medium slightly 
acidified with sulphuric acid, the lactic ferment [Bacillus Dcibruchii) being allowed to act, after 
the diastase, for several hours at 40° to 50°. When the desired acidity is reached, further 
acidification is prevented by heating the whole mass to 68° to 70° (the total amount of sulphuric 
and lactic acids, without COo, corresponds with 5 c.c. of normal NaOH per 100 c.c. of wort). 
The concentration of the wort used was at one time 12° to 14° Balling, but at the present time 
10° Balling is preferred. The temperature of fermentation is about 25°. If the acidity of the 
wort is less than 2 c.c. of normal soda per 100 c.c., the yeast obtained is flocoulent and separates 
badly. The separation of the yeast is now effected thoroughly and rapidly in centrifuges. The 
fermentation is started by adding to the wort 4 to 5 per cent, of yeast (calculated on the w’eight 
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111 France, and latterly in Italy, industrial spirit distillers are making use of the Jacque- 
min apparatus (Fig. 123) for the preparation of pure yeast cultures. The peptonised 
wort is prepared as described above, and the sterilised air, compressed by the pump A, 
passes through a filter of cotton ivool moistened with mercuric chloride, F, into a battery 
of vessels, fr, the first and third of which are empty, whilst S contains sulphuric acid and 
n soda solution ; the empty vessels serve as safeguards, in case the liquids are sucked 
backwards. The air sterilised in this way passes along suitable pipes to all the fermenting 
vessels, B, B\ C, C", D. B is two-thirds filled with the peptonised wort (20 to 30 litres), 
which is boiled for a few minutes by steam entering through h and then cooled by passing 
a vigorous current of air through the wort and by an annular spray of water applied to the 
outside of the vessel B by the tube e. When the temperature has fallen to 20°, the con- 
tents of a Pasteur flask of pure yeast arc introduced through the tube a, and the fermenta- 
tion allowed to proceed for twenty-four hours ; in the meantime, wort sterilised and cooled 
to 20° is prepared in J5' ; a little of the yeast is then passed from B through the tube t to 
B\ the remainder being discharged, by the tluee-w^ay cock, t, into the larger vessel, C, 

which contains sterilised wort (250 
to 300 litres). When the fermen- 
tation has reached an advanced 
stage (a definite attenmMon : see 
later) t the wort is discharged 
through the tube r into F, which 
also contains sterilised wort, and 
that remaining on the bottom of 
C is forced by compressed air into 
tlie vessel O', previously charged 
with sterile wort. 

It will be seen that, by this 
procedure, the working is continu- 
ous, and the yeast is renewed 
only once or twice per month. 
The yeast may then be separated 
from D and pressed, or the actively 
fermenting wort (5 to 6 hectolitres) 
may be used to induce fermentation 
in the factory vats containing 
ordinary wort. 

The selected yeasts are con- 
trolled practically, by measuring 
their fermentative activity and 
Fig. 125. by determining the concentra- 

tion with the microscope and - 
cell-counters, note being taken of extraneous organisms. 

Pressed yeast in cakes keeps for several days if well -wrapped in paper and placed in 
tightly closed boxes in a cool room ; otherwise it soon becomes covered with mould and 
unusable. When the stock of yeast is larger than is required, it may be dried at a cost 
of lOa. per ton and^ sold as a good cattle food. To prevent secondary fermentations from 
taking place, instead of the lactic acid fermentation, during the preparation of selected 
yeasts, Bucheler (Ger. Pat. 123,43 7) suggests the addition of 180 c.c. of concentrated 

of cereals used) and is finished in ten to twelve hours ; the yield of 40 per cent, (on the weight of 
cereals) of yeast is in addition to the amount added (5 per cent.). The yeast cultures should be 
renewed occasionally. 

The femented wort is feebly alcoholic (less than 1 per cent, of alcohol), so that the distillation 
and rectification necessary to obtain 90 to 95 per cent, alcohol are very expensive; further, 
the alcohol is not of good quality and is hence only suitable for denaturing. The diminished 
yield ot alcohol is due partly to loss of the alcohol carried away by the large volumes of air passed 
tnrougn the wort, and partly to destruction of maltose by ferments or enzymes developing in 
obtained amount of air used, the greater is the amount of spirit 

the control of the purity of the yeast, account must be taken of the extraneous ferments, 

ami of^hTfementetweLti^^^ 





151 


ANTISEPTICS 

sulphuric acid to every hectolitre of wort; the process yields excellent results in practice, 
not>yithstandin^ the disputing of the patent from 19rX»*^to 1909, owing to the fact that a 
similar patent (Xo. 3885) was gi-anted in Austria to Bauer in 1900. 

FACTORS WHICH FACILITATE OR RETARD FERMENTATION. Alcoholic 
fermentation may be hindered by various factors. Very concentrated sugar solutions 
do not ferment, whilst with a concentration of 70 per cent, only 6 per cent, of the sugar 
is converted into alcohol; with a strength of 60 per cent., 25 per cent, is transformed, 
and when the concentration is 30 per cent, it is possible, although not without difficulty,' 
to convert 92 per cent, of the sugar into alcohol. 

Temperature has also a very marked influence on alcoholic fermentation,’ which at 0^ 
or at 60° ceases completely; later we shall see at what temperature the process takes 
place most regularly from the point of view of the industrial yield. 

Alcohol, although a product of fermentation, when it reaches a certain concentration, 
may prevent further fermentation. This anti-fermentative action of the alcohols is' 
to some extent, proportional to their molecular weights. Thus the fermentation of glucose 
may he arrested by 20 per cent, of method alcohol, 16 per cent, of ethyl alcohol, 10 per cent, 
of propyl alcohol, 2-5 per cent, of butyl alcohol, 1 per cent, of amyl alcohol, and (J-1 per 
cent, of capryl alcohol. 

ANTISEPTICS, in general, prevent fermentation when they ai-e present in relatively 
high concentrations; they may, if their dilution is gi'cat, exert a favourable influence 
on fermentation.^ 

However, since the favourable action exhibited by these solutions depends on the 
quantity of yeast present and that of the antiseptic dissolved, it is xwssible, when the 
quantity of yeast is large, that solutions more concentrated than those indicated in 
column (B) may produce favourable effects on the fermentation. It is unnecessary to 
state that these concentrations vary somewhat with the nature of the organisms. It 
has been shown recently (1910), for example, that Staphylococcus pyogenes aureus resists 
a 2-7 per cent, solution of mercuric chloride for six hours. 

The organic acids also exert an unfavourable influence on alcoholic fermentation,^ 
w’hilst, within certain limits, lactic and formic acids and formaldehyde have a beneficial 
action, since they prevent the development of harmful bacteria and are readily tolerated 
by alcoholic ferments specially acclimatised to their action. By adding small quantities 
of formaldehyde and of sterilised milk (wffiich then gives lactic acid), the yield of 
alcohol has recently been increased by as much as 2 per cent. E. Soncini (1910) has 
shown that the course of fermentation in general is closely connected with the chemical 
medium in wffiich it takes place; thus, in a saccharine w’ort (from bananas), the lactic 
fermentation first develops s|X)ntaneousIy and proceeds until the lactic acidity reaches a 
certain limiting amount; this may be followed by alcoholic feniientation, w'hich, in its 
turn, may be succeeded by the acetic fermentation; the lactic fermentation may ulti- 
mately begin again. It is only by considering all these conditions that a regular alcoholic 
fermentation and a good yield of pure alcohol may be assured, since in general the secondary 


Thus, for example : 

Mercuric chloride . 

(A) The most dilute suhitiun 
ai pable of prevent mg 
fermentation is : 

1 in 20,000 

(I!) The most coticentratt.d 
solution Cfipabh' of 
favouring fermaitatinn is : 

1 in 300,000 

Potassium permanganate 

10,000 

„ 100,000 

Bromine 

4,000 

„ 50,000 

Thymol 

3,000 

„ 20,000 

Salicylic acid 

1,000 

„ 6,000 

Phenol 

200 

„ 1,000 

Sulphuric acid 

100 

„ 10,000 

Boric acid 

25 

„ 8,000 

The action of some of the commoner acids is as follow's : 

Dose that retards 
alcoholic fermentation 

Acetic acid .... 0-50% 

Dose tiiat arrests 
alcoholic fermentation 
h 0% 

Formic „ . 

0-20% 

o-soTo 

Propionic acid 

0-15% 

0-30% 

Valeric „ 

0-10% 

0*15% 

Butyric ,, 

0-05% 

O-lOo^ 

Caproic „ 

— 

0*05% 
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and harmful products of the fermentation (higher alcohols, such as am}'!, etc.) result 
from the actions of extraneous micro-organisms. The carbon dioxide formed during 
fermentation may give rise to pressures as high as 12 atmos. if hermetically sealed vessels 
are used, and the action of the yeast is then retarded or even an'ested. 

PRACTICE OF FERMENTATION. To start the fermentation of the worts pre- 
pared as described above, various methods are used : in some cases a portion of old, 
fermented wort f»m a preceding operation is employed, but this is not a rational method, 
because the yeast in the old wort is in a condition unfavourable to development and is 
also contaminated with other micro-organisms which would develop readily in the new 
w’ort. To be preferred is the custom followed by certain distilleries of starting the fer- 
mentation with brewery yeast, which is cheap and comparatively pure. The best and 
most rational method is, however, the use of selected yeast in culture wort or in a pressed 
condition {see above), as supplied by various firms and institutions which guarantee its 
purity. By this means alone it has been possible during the past few years to increase 
the mean yield of alcohol in distilleries by 0-5 per cent, or even 1 per cent., and at the 
same time to improve the cpialit}’ of the product. 

It is advisable to ferment w'orts as soon as they are prepared and cooled to 15° to 20°, 
delay resulting in contamination with heterogeneous germs always present in the air. 

To avoid secondary fermentations as far as is possible, addition is often made to the 
w'ort of antiseptics, to -which the selected yeasts have been habituated. Thus, small 
proportions of calcium bisulphite or, better, of ammonium or aluminium fluoride are 
added, the hydrofluoric acid — liberated under the action of the acids formed in the 

secondary fermentations — killing the 
harmful organisms. With the Effront 
process, hydrofluoric acid (see Vol. I., 
p. 167) is added directly in the pro- 
portion of 5 or even 10 grams per 
hectolitre of wort (some yeasts resist 
as much as 100 grams of HE per 
Fig. 126. hectolitre). Sometimes a selected 

lactic ferment [Bacillus acidificans 

longissimus) is added, this also favouring the production of pure alcohol. 

The use of these yeasts acclimatised to the action of hydrofluoric acid renders possible 
the employment of the temperature 55° to 57° {see above) for the previous saccharification 
of the starch by diastase, this low temperatoe resulting in the formation of an increased 
amount of maltose; also if there are other noxious living micro-organisms in the wort, 
these are killed by the hydrofluoric acid during the fermentation. 

Effront, however, succeeded in preparing yeasts capable of fermenting with ease also 
the dextrin ; when these are used, the saccharification with diastase may be effected with 
less malt and at 64° to 65°, so that harmful micro-organisms are killed. All the apparatus, 
instruments, and vats w-hich come into contact with the wort should be previously washed 
wdth dilute hydrofluoric acid solution (100 grams per 25 litres of water). 

For every hectolitre of wort are added about 30 grams of pressed yeast in small quantities 
mixed wdth increasing quantities of wort and well stirred in; the fermentation then 
starts immediately. 

The fermentation of the wort proceeds in three successive phases : 

(1) Prdiminary fermentation, in which the yeast develops and grows, 
the most favourable temperature being 17° to 21°. 

(2) Principal fermentation, in which the maltose and glucose are fermented 
best at 26° to 30°. 

(3) Secondary fermentation, in which the dextrins are fermented, the 
diastase continuing to saccharify the remaining dextrins as the wort becomes 
warm, the best temperature being 25° to 27°, 

The vats, holding .10 to 90 hectolitres, and often furnished with stirrers, are filled with 
wort to the extent of nine-tenths. The temperature is regulated by suitable cold-water 
coils (attemperators, Fig. 126), which are of various forms {see Beer). In general, these 
attemperators have a surface of 0-3 to 0-4: sq. metre per 10 hectolitres of wort. Fermentation 
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is begun in the vats at 12'-' to 15'^, and after two or three hours the temperature rises and 
the fermentation becomes vigorous. The liquid is then agitated to liberate the CO^, thus 
diminishing the pressure in the mass and facilitating the fermentation, the temperature 
not being allowed to exceed 28° to 29°. After two days, the principal fermentation ceases 
and the temperature is maintained at 25° to 26° for a day, the fermentation being thus 
completed. 

Worts that are too dilute or are made from poor malt or impure grain give a boiling 
fermentation that hurls the liquid from the vat and renders the subsequent distillation 
difficult. This inconvenience is avoided by using more concentrated worts and good 
yeast, or, in case of necessity, adding 100 to 200 c.c. of oil to each vat. 

Ammonium fluoride (2 to 25 grams per hectolitre) or hydrofluoric acid (rather less) is 
often added to the wort before fermentation. 

In some modern distilleries covered fermenting vats or wash backs are used, these giving 
good result also in beer brewing (g. r.). By this means the CO 2 may be utilised, while the 
yield of alcohol is increased by 2 to 3 per cent., that carried away by the CO^ being recovered 
from the wash liquors of the gas. 

LOSSES AND YIELDS. A residue of unfermented starch (0-7 to 2 per cent.) and 
dextrin (5 to 8 per cent. ) always remains after fermentation. In every fermentation 2 to 
3 per cent, of glycerol is formed; also part of the sugar serves as food for the veast and 
part of the alcohol evaporates, this making a total loss of 6 to 8 per cent. 

Starting vuth 100 parts of starch, 12 to 20 parts are iLsually lost in various ways, while 
with improper working the loss may reach 28 per cent. 

If the starch could be transformed theoretically into alcohol and carbon dioxide alone, 
100 kilos of starch should yield 71-6 litres of pure alcohol; allowing for these losses and 
working under the best conditions, 63-5 litres of alcohol are obtained; 60 litres is a good 
yield and 58 litres a medium one, whilst 55 litres would indicate bad conditions of working. 
The mean starch-contents of many of the prime materials used in the distillery are given 
on p. 141 ; that of green malt (from good barley) is 38 to 42 per cent., and that of kilned 
malt, 65 to 70 per cent. Whilst in 1883 Italian distilleries gave an average yield of 315 litres 
of alcohol per ton of maize, in the season of 1904—1905 the yield (official statistics) 
amounted to 340 litres, and now about 355 litres is obtained.^ 

For calculating the yield, the exact analyses of the prime materials, starch and sugar, 
must be known. The sugar-content of a wort' is determined from the density by means 
of the Balling saccharomefer modified by Brix, degrees Brix (or Balling) read at 20° 
(formerly 17'5°) indicating directly the percentage of sugar in the solution. In worts, 
however, part of this density is due to unfermentahle substances. 

As fermentation proceeds, the proportion of alcohol increases and the density 
diminishes; this diminution is called the degree of fermentation ox attenuation. The 
density is measured before, during, and after the fermentation on the filtered wort, and 
if it filters badly it is diluted with a definite volume of water.- When the fermentation 


^ From 90 kilos of maize and 10 kilos of malt, 36 litres of pure alcohol may be obtained, 
and from 100 kilos of potatoes (mth 18 per cent, of starch) and 1-S kilos of malt, 12 litres. If 
the maize costs £8 per ton (1000 kilos) and the potatoes £2 4^?., it is advantageous to use maize, 
in spite of the fact that 120 kilos of coal are consumed per 100 litres of alcohol from potatoes 
and 150 kilos in the case of maize. The maize residues (grains) are worth ahnost three times 
(about 135. per hectolitre of alcohol) as much as the corresponding quantity from potatoes. 
The cost of labour, lubricants, antiseptics, etc., was estimated in Germany before the War to 
be 25. per hectolitre of alcohol. 


^ The density, p, before fermentation is due to z parts of sugars -f 2 parts of non -fermentable 
substances ; if the density after fermentation indicates the magnitude, z, then p — z = x. This 
does not give the absolute attenuation, since 2 is altered by the presence of alcohol and carbon 
dioxide. If the carbon dioxide is eliminated by shaking and gentle heating, a density, m, is 
obtained and the magnitude of {p — 7?z) gives the so -called apparent attenuation (apparent because 
alcohol is still present) ; the amount of alcohol formed may be allowed for by means of a known 
factor, a, the real attenuation being given by A ~ a{p — m). The value of a is determined by 
distilling a small quantity of fermenting wort, and calculating the value of the expression 

a = 7 ; ; a is, however, not a constant, but varies with the nature of the sugars, vith the 

{p — m) ® ’ 

original concentration, p. and with the stage of the fermentation (incipient, vigorous, or secon- 
dary). If a is known, the quantity of alcohol obtainable from a fermented wort of a given 
density may be calculated. 

The ratio between the apparent attenuafioai {p — m) and the original saccharometer reading, 
p, gives the so-called, degree of apparent fermentaiion {B). If p = 25° and the density (m) of 
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is finished and the degree of attenuation controlled, the resultant fermented wash (with 
about 9 to 11 per cent, of alcohol) is subjected to distillation and rectification in order to 

05 _ 3 

the fermented wort is 3, we have B = “ 2 Y' “ which is the degree of apparent fennenta- 

a on, and indicates that, of every unit of saccharine substances, 0-880 part have disappeared, 
i. e., have been fermented. From the degree of apparent fermentation (B), the degree of apparent 


attenuation may, of course, be obtained : thus, = B gives p—m = Bp; and from the 

factor a mentioned above, the amount of alcohol resulting from such degreo of apparent 
fermentation is knoum. 


The real attenuation (J') is detennined by distilling a certain quantity of the fermented wort 
until its volume is reduced to one-third, the residue being made up to the original volume with 
water and the density, % measured ; the real attenuation then = p — n. Since, however, the 
residue always contains unfennented matter, in order to calculate the alcohol, a factor, 6, is 
determined in the same way as the factor a, i. e., by distillation of a part of the fermented wort ; 
the quantity of alcohol can then always he determined from the density of the fermented wort, 

for, since A' = {p — 71 ) b,h ~ . Similarly, the degree of real fermentation will be B' — 


which expresses the fraction of the extract (dissolved substance without alcohol) really fermented, 
the manufacturer being thereby able to judge if the fermentation proceeds normally and to 
c.'stablish comparisons vith previous fermentations, etc. 

The apparent attenuation (alcohol being present) is always greater than the real (derived 
after elimination of the alcohol), and the attenuation differcTice, D,is obtained by subtracting one 
from the other, {p — 771) — (p — n) == D. This magnitude, J), is therefore equal to n — 7 n and 
increases as the fermentation proceeds towards completion; also hero the quantity of alcohol 
already fornied is found by determining experimentally a factor, c, in the usual way, so that 

= c, or A = (71 — fn)c. The ratio of the apparent to tho real attenuation, = a, 

n — m p — n 

gives a quotmit of aUmimtioei w-hieh varies with the concentration of the liquid but becomes 


constant towards the end of the fermentation and shows how much the apparent fermentation 
is greater than tho real; by its means, almost all the saccharometric calculations may be made : 

^ = the alcohol factor for the real attenuation, and if this is divided by q diminished by unity 


TABLE FOB CALCULATING THE ATTENUATION IN FERMENTED WORTS 


Alcohol factors for the 
Saccharometer attenuation 


degrees of the wort 



j Apparent 

1 

Eeal 

p 


h 

(i . 

0-4073 

0-4993 

7 . 

0-4091 

0-5020 

S . 

0-4110 

0-5047 

9 . 

0-4129 

0-5074 

10 . 

0-4148 

0-5102 

11 . 

0-4167 

0-5130 

12 . 

0-4187 

0-5158 

13 . 

0-4206 

0-5187 

14 . 

0-4226 

0-5215 

15 . 

0-4246 

0-5245 

16 . 

0-4267 

0-5274 

17 . 

0-4288 

0-5304 

18 . 

0-4309 

0-5334 

19 . 

0-4330 

0-5365 

20 . 

0-4351 

0-5396 

21 . 

0-4373 

0-5427 

22 . 

0-4395 

0-5458 

23 . 

0-4417 

0-5490 

24 . 

0-4439 

0-5523 

25 . 

0-4462 

0-5555 

26 . 

0-4485 

0-5589 

27 . 

0-4508 

0-5622 

28 . 

0-4532 

0-5636 

29 . 

0-4556 

0-5690 

30 . 

0-4580 

0-5725 


Factors for the 
attenuation 
differences 

Attenuation 

quotient 

Values of 

c 

'i 


2-2095 

1-226 

4-4247 

2-2116 

1-227 

4-4052 

2-2137 

1-228 

4-3859 

2-2160 

1-229 

4-3668 

2-2184 

1-230 

4-3478 

2-2209 

1-231 

4-3289 

2-2234 

1-232 

4-3103 

2-2262 

1-233 

4-2918 

2-2290 

1-234 

4-2734 

2-2319 

1-235 

4-2553 

2-2350 

1-286 

4-2372 

2-2381 

1-237 

4-2194 

2-2414 

1-238 

4-2016 

2-2448 

1-239 

4-1840 

2-2483 

1-240 

4-1660 

2-2519 

1-241 

4-1493 

2-2557 

1-242 

4-1322 

2-2595 

1-243 

4-1162 

2-2636 

1-244 

4-0983 

2-2677 

1-245 

4-0816 

2-2719 

1-246 

4-0650 

2-2763 

1-247 

4-0485 

2-2808 

1-248 

4-0322 

2*2854 

1-249 

4-0160 

2-2902 

1-250 

4-0000 
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extract the alcohol and separate it from the water, yeast, and other solid and liquid siih- 
stanccs. Before the distillation apparatus is described, certain special sacehariheation and 
fermentation processes, which have been recently applied practically, will be considered. 

The AMYLO PROCESS (Collette or Boidin Process). This process is based on inresti- 
gations of Calmette, Collette, Boidin, and others, who found that certain Mucors (moulds, 
see p. 133 ), isolated from impure Chinese and Japanese ferments, are capable of performing 
the functions of both diastase and zymase, that is, of transforming starch into alcohol by 
way of maltose and dextrin. Of these moulds, Amylomyces Boiixli, discovered by Calmette 
in 1892, and the 2Iucors B and C discovered by Collette, Boidin, and IVIousain, are of most 
importance industrialh’.^ Of the first two, the forms observed under the microscope 
in different stages of development are shown in Fig. 127 (A, B, C, D, and E). 

Collette and Boidin patented in 1897 (Eng. Pat. 19,858) a process for the industrial 
utilisation of Amylomyces Rouxn for manufacturing alcohol directly from the starch of 


[i. e., by {q—l)], the factor, c, for the difference of attenuation is obtained. The factor, c, is 
used for the analysis of liquids for which the value of p is unknown j also ^ = B' [degree of real 
fermentation). ^ 


The following illustrates a practical calculation : the original saccliarometric dearec of a 
wort was p — 16-2, that after fermentation m = 1, and thaFafter boiling n — 3-0; applyin^a 
any one of the three factors (u, 6, and c) given in the appended Table, the apparnit atknurdion 
becomes J. = [p — m) a (where p — lG-2, a = 0-42C7) = 6-4S58 per cent, of aleohol. Calcu- 
lating according to the real attenuation, A ~ (p— ?^) h (where p — ltl-2, n = 3*9. and h = 0-5274) 
— 6-4870 per cent, of alcohol. Lastly, calculating from the aitenvation di-ffcrencc, D, J = (n — m) 
c (where c = 2*2350) = 6*4815 per cent. Hence the fc*rmented wash condsts of 6*48 per cent, 
of alcohol, 3*9 per cent, of unfermented extract (n), and 89*62 per cent, of water. 

B. Wagner, F. Schultze, and J. Pdib (1908) suggest the Zei.-s immersion refractometer as a 
means of detennining the attenuation: exact re>ults are obtained rapidlv and with a small 
quantity of liquid (20 to 30 c.c. }. A little of the wort is well shaken to get rid of carbon dioxide, 
and filterecl through a covered filter, 5 c.c. of the filtrate being used to determine the refracto- 
moter reading, A, at a temperature of 17*5®; a further 20 cm. is evaporated to one-half the 
volume in a porcelain dish to expel the alcohol, the volume being then made up exactly to 20 c.c. 
with water and the refractometor reading, B, taken. To the '’difference, A — £ = ‘C, 15 (the 
refractometer reacting for water) is added, giving E ; the corresponding alcohol degree (by volume ), 
V, is then found in the following Table, and may be subsequently coirecteci for the density of 
the wort : 


E: 16*2 17*5 18*8 20*1 21*4 22*8 24*2 25*6 27*1 28*6 30*1 31*7 33*3 34*9 36*4 38*0 
V: I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

^ Among the Hyphonnjcctcs (moulds, p. 133)— in the J/^corand J/nredma:— Pasteur found 
certain varieties {2Iiicor racernosus) capable of transforming sugar into alcohol and carbon dioxide 
when they live immersed in the liciuid out of contact of air (like the yeasts); in presence of air, 
they convert the sugar directly into water and carbon dioxide. These are called facultative 
anaerobic organisms. In 1887 Gayon studied other varieties which behave similarly [Mucor 
alierm'ns, spinoaus, and circindloidea), and Prinsen Geerlig.s investigated CJilamydomiicor oryzee, 
which is used in Java to fement molasses. In 1892 Calmette imported from 'China, studied, 
and_ named Amylomyces Rouxii, the 2lucor isolated from the ricc-femieiit us{?d by the Chinese 
(which is more active than the Japanese I'oji) for the preparation of spirit; later 'he found this 
21 near in rice-husks. At Tokyo in 1894, Takamine studied, and applied practically to the 
saccharification of rice, Aspergillus oryzee (separated from Japanese leap, which is a mixture of 
yeasts and moulds used in Japan for producing alcoholic fermentation ), but it did not meet vith 
success, owing to its action being too energetic. Boidin, Collette, and IMousain investigated 
2Iucor which is another 2Iucor separated from Japanese koji and is different from, and more 
important industrially than, that of Takamine ; Alucor y, which was separated at the same time 
from Tonkin rice, is of still greater practical value than Miicor 

These moulds have the special property of saccharifying starch and of fermenting the sugar 
thus formed. Their saccharifying and fermentative actmty is, however, influenced by the 
acids that they produce. Thus, Amylomyces Rouxii, which was the first to be used in practice 
in 1898, was abandoned later, as it transforms rather too much sugar into carbon dioxide and 
w'ater and, owing to the production of 1*45 grams of acid per litre of wort (at 16® Balling), com- 
plete attenuation is obtained only in very dilute worts (7® to 8° Balling, these giving 4 to 4*5 per 
cent, alcohol) ; 2Iucor 3, on the other hand, forms only 0*75 gram of acid, and can ferment worts 
at 10° to 17° Balling (which give 8 to 9 per cent, of alcohol) without oxidising completely more 
than a very small proportion of sugar. 

Calmette studied more particularly the saccharifying properties of Amylomyces Rouxii, but 
in 1897 Boidin and Rolants, and simultaneously Sanguinetti (Institut Pasteur), found that this 
mould is also capable of transforming sugar and dextrin into alcohol; it w’as found later that 
Alucor racemosus, which had been alrea^* studied by Pasteur, behaved similarly. In 1895 
Professor Saito, of Tokyo, isolated Rhizopus oligosporus, which acts like Amylomyces Rouxii. 
Good practical results are obtained also with pure cultures of Mucor Delemar. 
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cereals, etc., and later they utilised /?. At the present time this process is employed 

on an enormous scale in various distilleries in France, Belgium, and Italy (at Savona). 

As it is necessary to vork with perfectly aseptic worts, the starch-paste prepared in 
the ordinary way with the Henze apparatus is passed into closed metal C 3 dinders holding 
200 to lOOfriiectolitres, and furnished with vertical stirrers. When the temperature reaches 
65"^, 1 per cent, of malt (on the amount of maize used) is added to render the mass rather 
more liquid ; after an hour the mash is slightly acidified by the addition of 0-1 gram of 
sulphuric acid per litre, and is then rendered completely sterile by passing steam in at 
the bottom and boiling the vort until the steam issues freely from the upper aperture. 
The apparatus is then closed hermeticalK'’, a vacuum being produced by the condensation 



Fig. 127. 

J. Colonies of Amylomyces Itouxiiin wort-gelatine. B. Mycelial conidia of Amyhmyces 
Eoiixii in aerobic cultures. C. Segmentation into gemmse of the mycelium of Amylomyces 
in anaerobic culture. D. Hyphae of Mucor ^ (1 ; 100) with sporangia in aerobic culture. 
E. Mycelium of Iliicor j8 with spores in difierent stages of development in anaerobic culture : 
1, spores just separated; 2, turgid spores ready to germinate; 3, germinating spores; 4, 
mj'celium (1 : 600). 


of the steam. The vacuum is relieved by allowing sterilised air — filtered through cotton 
wool {see p. 150)~to enter ; the maintenance of a slight pressure inside the vessel prevents 
the entry of germs. By stirring the starch and running cold water down the outer walls 
of the cylinder 1000 hectolitres of boiling wort may be cooled in five hours to 38° ; this is the 
most suitable temperature for the Mucor fermentation, but a great part of the sulphuric 
acid added must first be neutralised. A vat of 1000 hectolitres capacity contains 
150 to 200 quintals (15 to 20 tons) of maize and six times as much water. 

The Amylomyces is cultivated in the laboratory on 100 grams of rice and 200 c.c. of 
sterile \vort, so that preferably spores are developed. Every culture-flask contains a total 
of about 0-1 gram of spores, and this quantity is sufficient to inoculate 1000 hectolitres 
of wort. The Alucor is introduced, under aseptic conditions, into the vats from above 
and the stirrer set in motion ; a little air is introduced, this issuing by an upper tube with 
a hj'draulic seal. In the course of twenty-four hours the wort is attacked by an abundant 
growth of the Mucor. The mass is then cooled to 33° and, in order to complete the 
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alcoholic fermentation more rapidly, a small quantity ordinary yeast (500 c.c. of a 
wort culture, corresponding with 3 to 4 grams of pressed 3 'east) is added. 

After three to four days, the alcoholic fermentation is complete (the carbon 
dioxide passes out at the top through the water-seal). Fig. 128 shows cliagram- 
matically a plant with five large fermentation vessels. 

The advantages of the Amylo process are : (1 ) a considerable saving in 
malt, only about 1 per cent, being used instead of 12 to 15 per cent, by the 
old process ; further, air-dried malt is difficult to keep in hot countries ; (2) the 
reduction of the amount of ^east required to a minimum. The yield of aleoliol 
is also sensibly increased, 100 kilos of maize containing 57 to 58 per cent, 
of starch yielding 37*5 litres of alcohol, e., 65 (often 66) litres of pure alcohol 
per 100 kilos of starch ; the old method of working gives only 60 to 61 litres. 

The increase in the alcohol-yield is naturally due to the fermentation 
taking place in a wort uncontaminated with extraneous micro-organisms ; on 



Fig. 128. 


rectification, 4 to 5 per cent, more good spirit (bon goiit) is obtained than by 
the old process. 

Finally, the spent wash (residue after distillation) filters better, since it 
contains less dextrin and does not block the filter-presses.^ 

^ In a German distiller}’- the Amylo process was applied in 1012 in the following manner : 
350 kilos of ground maize are treated tor an hour at 60® -with 1000 litres of water containing about 
3 litres of hydrochloric acid free from arsenic. The mass is then steamed for forty-five minutes 
at 4 atmos. pressure in the ordinary Henze type vessel, the steam issuing from the air-cock. 
For twenty minutes the pressure is maintained at 44 atmos., the steam being thm discharged 
into another vessel so as to lower the pressure to 2 atmos., at which it is kept for fifteen minutes. 
Finally, under this pressure the stirred mass is forced into the fermentation vessel, into which 
also two similar amounts of steamed product and 150 litres of boiling wash-water are introduced. 
The boiling mass is kept mixed with a current of sterilised air, ’w-hilo the temperature is low'ered 
to 40° by a water-spray applied outside. The mass is then seeded -v^ith a pure culture of Mucor 
Delemar, which multiplies rapidly at 35° to 38°, air being blown through for twenty -four hours. 
After a further period of thirty -six to forty -tw’o hours without aeration saccharification is com- 
plete, a small quantity of selected alcoholic ferment being then added. This increases rapidly 
in twenty-four hours (with aeration) and after five to six days of active fermentation (without 
aeration) an attenuation of 0’5° Balling is reached. With the necessary precautions there is 
no danger of contamination, and the residual grains fonn an excellent cattle food. The con- 
sumption of coal for the whole process is 900 kilos per 1400 kilos of maize treated, and the } ield 
is as much as 37-7 litres of pure alcohol per 100 kilos of maize. 



158 ORGANIC CHEMISTRY 

DISTILLATION OF THE FERMENTED LIQUID. As has already been stated, 
the fermentation is rendered the more complete by using worts which are not too con- 
centrated and yield 9 to 10 per cent, of ethyl alcohol. These fermented liquids contain also 
small quantities of Yaiious other substances, such as aldehydes, organic acids (acetic, 
propionic, butyric, lactic, succinic, etc.), certain higher alcohols (amyl, propyl, butyl, 
glycerol), etc., besides the solid residues of cereals and yeast and small amounts of 
iinfermented dextrin and starch. 

It was formerly not easy to separate the ethyl alcohol from these products, in spite 
of the great differences in boiling-point in some cases (amyl alcohol, 132° ; ethyl alcohol, 
784°), and, as already explained on p. 130, this separation cannot be effected with the 
most exact fractional distillation, so that recourse must be had to rectification {see p. 3).^ 

Every distillation apparatus is now composed of four parts : (1) the boiler in which 
the alcoholic liquid is heated; (2) the rectifier; (3) the dephlegmator ; and (4) the con- 
denser. The liquid collecting in the dephlegmator returns to the column (hotter), where 
alcohol vapours are formed richer than those from which it w^as formed in the first distil- 
lation; so that the alcohol vapours of the dephlegmator, uniting with the other vapours 
before the condenser is reached, contribute to form a more con- 
centrated alcohol. 

Apparatus with continuously working columns and with recovery 
of the heat were studied and applied by Coffey (Eng. Pat. 5974), 
but more thoroughly in 1867 by Savalle. 

The action of a rectifying column may be understood from Pig. 
129, showing part of the column, which is divided into a number of 
chambers communicating by means of tubes and placed above the 
boiler. The mixture of alcohol and water vapours from the boiling 
fermented wash below ascends the column from chamber to 
chamber through the central tubes, which are covered with caps 
dipping below the surface of the liquid in the chambers ; by this 
an-angement the mixed vapours are obliged to pass through the 
hot, condensed liquid, which slowly descends the column through 
the drop-tubes, when it reaches a certain level in each chamber. 
The vapours give up to the liquid mainly water- vapour, and the 
liquid gives up to the vapours preferably the alcohol it contains, so 
that the alcohol- vapour reaches the top of the column mixed with 
only a little water- vapour and passes to the condenser, whilst water 
almost free from alcohol flows downw^ards, forming vinasse or spent 
wash. 

With this column, 8 to 10 metres high and containing 20 to 25 
plates or chambers, one distillation and partial rectification 3 deld directly a crude 50 to 
65 per cent, alcohol, and when this is subjected to a second similar distillation and 
rectification a concentration of 90 per cent, or even 96 per cent, is attained; each 
apparatus gives a high output. This is the procedure often adopted in France. 

Taller columns (14 to 18 metres) are, however, used, especially in Germany, and these 
with efficient dephlegmators give 90 per cent, or even 96 per cent, alcohol izi one continuous, 
although slower, operation. The cylindrical columns are advantageously replaced by 

^ The first forms of distillation apparatus were used in the times of the ancient Arabs, and 
W'ere termed alembics. The alchemists made improvements in the shape, especially of the part 
used for condensing. Simple distillation apparatus, like that used for obtaining distilled water 
(VoL 1., p. 253) yield a highly aqueous spirit, termed ‘phlegm. Argand, and later Adam (about 
1800), utilised the heat of the aqueous alcoholic vapours distilling over to heat the liquid to be 
distilled. Bolimani and Berard (1805) improved the apparatus so as to allow a distillate moder- 
ately rich in alcohol to be obtained in a single operation. Before the condenser was placed a 
vessel called a dephlegmator, which condensed part of the water-vapour and part of the alcohol 
{phlegm), more concentrated alcohol vapours passing to the condenser. The first really rational 
and complete apparatus for the fractional distillation of alcohol was constructed by Cellier- 
Blumenthal (1815), wlio used dephlegmators and the first rudimentary rectifiers, bnt as early 
as 1813 A. Baglioni had placed semi-rectifying dejjhlegmators directly above the boiler. 

The first column rectifying dephlegmator was devised by Derosiie and Cailin 1817, and shortly 
afterwards widespread use was made of the very convenient Pistorius apparatus, with its flat, 
lenticular dephlegmators, w’hich allows of 60 to 75 per cent, alcohol being obtained directly 
and is still used in some of the smaller distilleries. 
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sgmre ones, whicli are less easily stopped up and more easily cleaned and repaired; in 
place of the costly copper columns, cheaper east-iron ones are now largely used. A squarf* 
plate of such a kSavalle column is shown diagrammatically in Fig. 13(>, the apcrtiircs and 
tubes being sufficiently wide to avoid obstructions wdien dens{‘ fermented worts, rich in 
solid matters, are distilled. The heating of the column and of the liquid is no longer 
effected by direct steam, as this causes useless dilution ; indirect steam is employed with 
a tubular heater, to be described later. In order to obtain regularity of working and 
constancy in the alcoholic strength an automatic steam regulator is used {see helow), 
and the supply of fermented wash to the aj)paratus is so controlled that the yield and 
strength of the alcohol remain uniform. The heat of condensation of the alcohol vapours 
is recovered to heat the wash, and the latter, before being introduced into the top of the 
column, is passed through tubular heaters so as to utiHse^also the lieat of the spent wash 
before this is discarded. 

Fig. 131 show's the whole of a Savalle continuous distilling apparatus. The w'ash to 
be distilled passes from large constant-level tanks, situate on the upper floors, through 
the tube w, furnished with a regulating cock, 2, into the bottom of the heater, C\ from 
which it issues at the top, after serving to condense the alcohol vapours coming from the 
column by the tube Ic ; these vapours, however, first yield a little condensed spirit in 5 , 
this being carried to the column by the tube r. The heated w'ash passes along the pipe <7 
to the top of the column and slowly descends, meeting meanwhile the ascending va|)our 
current, to which it graduailt' gives up its alcohol, as stated above (see Fig. 129). The 
alcohol condensed in the wash-heater is cooled in the condenser, Z>, below, through wdiich 
cold water circulates. If the wash is heated in the wash-heater sufficient!}' to form vapour, 
this passes into the small dephlegmator, E, 
wdience the condensed alcohol and w'ater are 
led by the tube d' r to the column, whilst the 
alcohol vapour which is not condensed pro- 
ceeds through i to the condenser along with 
the other alcohol. When all the plates of 
the column are covered with wash, steam is 
passed in from below by heating the exhausted 
vinasse by pipes from the heater, (?, in which superheated steam from suitable boilers 
circulates ; this steam is regulated by the tap which in its turn is controlled by the 
automatic regulator F. When the distilled alcohol issues from the test-glass, E, the access 
of wash through 2 is regulated so that the alcoholic strength remains constant. In the 
column the wash traverses a path more than 125 metres in length, the total absorptive 
surface being more than 200 sq. metres, so that every litre of wash, before exhaustion, 
meets a surface of vapour 200 metres long. In this way 30,000 kilos or more of wash 
may be distilled per day without interruption of the working for months. 

Fig. 132 shows Savalle’s tubular heater more in detail. Steam under pressure from 
ordinary boilers traverses the regulator, iJ, and passes through the tube i to a large metallio 
cylinder, (?, which contains a series of vertical tubes connecting the upper chamber, G\ 
with the lowTr one, G"; the latter is filled with almost exhausted vinasse supplied from 
the lower part of the Savalle column by the pipe x. The spent wash, which is already 
very hot, is thus easily brought into a condition of vigorous ebullition and loses the last 
traces of alcohol, which rise with a large quantity of steam through the pipe y into the 
Savalle column. The exhausted spent wash is discharged continuously from the tube 7, 
whilst the condensed steam issues from the tap 8 . 

Fig. 133 shows the automatic regulator of the pressure and steam in the distilling and 
rectifying column. In order that it may pass through all the layers of liquid on the plates 
of the column, the steam must be at a certain pressure in the column itself ; this pressure 
increases or diminishes according as the quantity and temperature of the steam rise or 
fall, and the greater the supply of steam the more dilute will he the alcohol. If the column 
is connected with the pressure regulator by means of the tube F (/in Fig. 131), then, 
when the pressure increases, the water in the lower chamber, A, of the regulator is forced 
along the tube B to the upper chamber and raises a float, C, which operates the lever D, 
and so partially closes the tap (or valve) F controlling the supply of steam to the heater, G ; 
owing to the diminished supply of steam the pressure falls. In the opposite case, when 
the pressure in the column is smaller than that necessary for regular distillation, so that 



Fig. 130. 
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tbe concentration of the alcohol (measured in E, Figs. 131 and 134) becomes too high and 
the yield too small, the ’water of the upper chamber of the regulator descends to the lower 
one, the float, C, hence falling and the steam-cock, E, opening a little. With these regu- 



lators, which are sensitive to variations of one-thousandth part of an atmosphere, the 
distillation is automatically regulated and requires very little personal control. 

The constancy of the strength of the alcoholic distillate is controlled by the test-glass, E 
{see Fig. 134), which is situated in the alcohol discharge tube and contains an alcohol- 
meter fitted with a thermometer, so that the concentration and temperature are indicated 
continuously. 
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Of the varioasly highly perfected forms of apparatus (Ilgcs, Coffey, Pampe, the last of 
which gives very pure spirit by distillation under reduced pressure) used in Britain, 
Germany, Russia, etc., which allow of the continuous and direct production of 90 to 96 per 
cent, alcohol without speciai rectification and refining (when the first and last products 

of distillation— and tnilings — are kept separate ; 
•see Infer), we shall refer only to the apparatus of 
Siemens Brothers, which is largely used in Germany 
(Fig. 135); the new Kubierschky column is described 
later {,see chapter on Tar Oils and Benzene). The 


Fig. 132. Fig. 133. 

Siemens column is composed of three principal parts: the heater (or pre-heater), *4, the 
. distillation column, B, and the rectifier, C; the whole is formed of superposed cast-iron 
discs or rings fitted with pasteboard packing and held tightly together by bolts extending 
from the top to the bottom. Inside are plates arranged sphally round a central tube, D, 
which passes about half-way up the column to / ; the liquids thus traverse a long path, 
so that a large production is possible with a 
relatively small tower-space. The apparatus is 
also economical, since it is not necessary to con- 
struct it of copper. The heater, A {see also Fig. 136, 

A), contains, in the chambers a and o, hot spent 
wash which comes from the top of the column. 

Between these hot chambers are arranged altern- 
ately others in which circulates the cold wash or 
wine to be distilled; this is supplied through the 
pipe d by means of high-pressure pumps, and 
begins to be heated as it descends the spiral 
chambers between the hot ones containing the 
spent wash. When it reaches the bottom the hot 
wash passes into the central pipe Z), and rises to 
the higher level, /, in the distillation column, B 
(which embraces the space between d and E). Pig. 134, ^ 

The pipe D empties on to the perforated spiral 

plates {see Fig. 136, B) and, as it descends, the wash meets a current of steam rising 
from the tube 0 through B. In this way the alcohol liberated from the wash rises with 
the steam through the perforations of the spiral plates and thus continually meets fresh 
quantities of wash and becomes continually richer in alcohol, as is shown in Fig. 136, B. 
The wash, thus deprived of alcohol, reaches the bottom as very hot spent wash, which, 
VOL. II. 11 
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l}efore leaving the column, traverses the chambers of the heater (shown in Pig. 136, A), 
and is then discharged continuously from the pipe J Z, at a lower level than /. The 
mixed alcohol and water vapours enter the rectifying compartment, EA which is formed 
of plain discs and is filled with w'ash, the level of which may be seen through suitable glass 
■windows. The alcohol vapours rise into the rectifier, G (more properly termed a frac- 
iionalor or depUegmatort see p. 158), formed of 
non-perforated and hence non-communicating spiral 
chambers (Fig. 136, C}, in some of which circulate 
the ascending vaporous mixture, whilst the alternate 
ones are traversed by a descending current of 
water ; the latter is not very cold, as it comes from 



Fig. 135. 



Fig. 136. 


the top of the condenser, (by means of the pipe t), so that it condenses mainly steam 
and only a little alcohol vapour, which falls into the distilling column again. The 
alcohol vapours gi’adually become more and more highly concentrated and pass through 
the tube E to the refrigerator, S, where they condense and are cooled by water flowing 
in at s and out at t. By means of a sample taken from the column B by the tube p and 


^ Parape (Ger. 
steam-turbine with 
from the vapours. 


Pat; 199,142, 1908) suggests placing, before the rectifying compartment, a 
rapidly rotating vanes, which separate all the suspended drops or impurities 
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examined in the tester, T, it can be ascertained if the spent wash is completely free 
from alcohol. 

In some cases it is observed that the spirit from such a cast-iron apparatus absorbs 
traces of hydrocarbons and of hydrogen sulphide which are formed from the iron and 
give an unpleasant taste and smell to the alcohol ; this may, perhaps, depend on the quality 
of the metal and on the newness of the apparatus. 

We shall mention finally the attempts %vhich have been made, first by Perrier in 1875, 
to transform the vertical column into a horizontal distilling and rectifying column with 
a central rotating axis carrying helically arranged blades, which transport even a very 
dense wash from one end to the other, whilst the opposing cuiTent of steam removes the 
whole of the alcohol. The process was perfected by Sorel and Savalle (1891), W'ho arranged 
the numerous vertical chambers of the horizontal column in a more rational manner. 



Pig. 137. 

A, distilling column; a, entrance of the wash into the heater or refrigerator; B, con- 
denser and heater ; 6, hot wash pipe ; C, adjustable steam regulator; c, exit for spent w^ash ; 

P, hot w^ash extractor used as heater; d, steam -cock ; E, test-glass giving the strength of 
the alcohol; e, valve regulating flow and hence strength of the alcohol; A, entrance of 
water into refrigerators in case of need. 

These forms are not yet free from disadvantages, but they have the advantage of being 
considerably more economical to construct and of bringing all the taps conveniently to 
band on the same level. 

Lastly, Guillaume eliminated various defects of these columns and at the same time 
retained all their advantages by employing very simple and convenient inclined columns 
(made by Egrot, of Paris), which allow of very dense washes being employed without 
danger of obstruction. Pig. 137 shows the complete Guillaume-Egrot apparatus, and 
the description of the various parts given underneath will indicate the w^ay in which it 
works. The cross-section shown in Pig. 138 gives an idea of the internal arrangement of 
the inclined column, and Pig. 139 represents the ground plan of the column, the arrows 
indicating the horizontal, zigzag course followed by the liquid from the highest part of 
the column, whilst the vapours ascend the column in a zigzag vertical path and bubble 
through the liquid in all the chambers formed by the numerous vertical partitions. With 
relatively small plant, which may be mounted on portable cars [set later)^ 30,000 litres or 
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more of ■wash, containing 10 per cent, of alcohol, may he distilled per twenty-four hours, 

90 per cent, alcohol being produced. 

In the modern distillery the consumption of steam should not exceed 25 Idles (about 
3 kilos of coal) per 100 kilos of wash, and the consumption of water in the condenser should 
not exceed 80 litres. 

RECTIFICATION OF ALCOHOL. The alcohol obtained with the ordinary iSavalle 
apparatus is not sufficiently concentrated or pure to he placed on the market, and even 

that obtained with other 


forms from washes which 
have not been fermented 
with selected yeasts should 
I be freed by rectification and 

refining {see later) from vari- 
ous impurities which impair 
',*J the colour, smell, and taste. 

0 These impurities may be more 

volatile than alcohol (such 
aldehydes and certain 
f esters) or less volatile (as 

^ / f acetic and butyric acids; 

I / P^®Py^> isopropyl, and amyl 

/ “ j alcohols ; various esters, etc. ), 

^ separated from 

alcohol if, in the 
« \ I redistillation and rectifiea- 

j y® tion, the portions which distil 

p •' ’ ’I most readily {foreshots) and 

Fig. 138 . ^Iso the least volatile por- 

tions {tailings or fusel oil, 

which has a very disagreeable odour if obtained from potatoes, molasses, or maize, but a 
pleasing odour if derived from grapes, fruit, etc.) are kept apart. 

Rectification apparatus usually consists of a large copper or iron boiler, A (Fig. 140), 
which is heated with an indirect steam-coil and on which is mounted the copper rectifying 
column, B. Above this and to one side is a large dephlegmator, G> which serves as a heater, 


and is of importance not so 
much for condensing the less 
volatile products (water, 
amyl alcohol, etc.) as for 
fm’nishing a continuous and 
abundant supply of a suit- 
able alcoholic liq[uid to wash 
the vapours arriving at the 
top of the column; it is, 
however, quite useless to 
employ several dephleg- 
mators, as was erroneously 
done in the past. The fore- 
shots, which have a con- 
centration up to 94 per cent, 
and boil at 85°, are collected 
separately. Then from 85° 



Fig, 139. 


to 102° alcohol passes over. 

The tailings, boiling abo\^e 102°, are collected in the bottom of the column by shutting 
off the steam and thus emptying the plates. The quantities of these products vary 
according to the quality of the alcohol required ; thus 20 per cent, of foreshots and tailings 
may be obtained and 80 per cent, of alcohol {bon goat extra), or 5 per cent, of foreshots 
and tailings and 95 per cent, of alcohol {bo 7 i gout). 

This apparatus does not work continuously, the boiler requiring to he discharged 
and recharged. Attempts to render the process continuous were met with success in 1881 
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(E. Barbet), in spite of the difficulty of separating the pure alcohol from an impure product 
that boils below it and another that boils above it. This is effected by carrying out the 
operation in two phases, which are, however, continuous; in the first phase the foreshots 
are driven off and the alcohol distilled from the remaining lif^md, the tailings being left 
behind. The boiler is then replaced by a rectifying column, which receives the impure 
product and distils the foreshots, passing the residue continuously at a certain height to 
a second lower column at the side ; this distils and rectifies the pure alcohol and retains 
in the lowest chamber of the 
column the tailings, which are 
continuously discharged.^ 

^ The tailings vary somewhat in 
percentage composition : water, 14 
to 24; ethyl alcohol 5 15 to 45; nonnal 
propyl alcohol, 6 to 14; i'^obutyl 
alcohol, 10 to 25; amyl alcohol of 
fermentation, 10 to 40. 

The fusel oil is separated from 
the tailings by addition of a saturated 
salt solution and then forms a more 
or less yellow oil, which has the 
unpleasant odour of amyl alcohol 
and excites coughing; its specific 
gravity is about 0-83 and it boils 
between 80° and 134°, mainly at 
130°. It varies in compo>ition'’ and 
contains principally amyl alcohol 
(especially that obtained from mo- 
lasses), together with different pro- 
portions of nonnal i)ropyl and 
isobutyl alcohols, caproic, caprylic, 
capric!^ acetic, and butyric acids, 
esters, furfural, and certain bases, 
besides 8 to 10 per cent, of ethyl 
alcohol. 

The percentage compositions of 
two samples of fusel oil obtained 
(a) from potatoes and (&) from grain, 
are as follows : normal propyl alcohol, 

6*854 (a), 3*69 (&); isobutyl alcohol, 

24*35 (a), 15*70 (6); amyl alcohol, 

68*76 (a), 75*89 (5); fatty acids, 

0*011 (a), 0*16 (6); esters of fatty 
acids, 0*02 (a), 0*305 (&); furfural, 
bases, etc., 0*005 {a), 0*021 (6) (G. 

Boohey, 1933). 

Owing to its poisonous properties, 
fusel oil must be denatured before 
being sold in Italy, so that it cannot 
be added to alcoholic beverages. 

Fusel qU is now largely used for 
the preparation of amyl alcohol, 
which is used in the manufacture 
of fruit essences {see later: Amyl 
acetate), for obtaining nitrous and 
other ethers, and for gelatinising 
explosives (nitrocellulose); during 
the last five years the price of fusel 
oil has risen from 65 to 170, and 
even 195 lire per quintal. Pasteur EiC. 140. 

thought that the amyl alcohol (iso- 

and d-amyl) arose from the action of specific bacteria on the sugar, but in recent years F. 
Ehrlich has thrown doubt on the formation of an alcohol with a branched chain from a sugar 
with a direct chain, and has now shown that it is the proteins of the malt and their decomposi- 
tion products which furnish nitrogen to the yeast for the synthesis of its protein constituents 
and at the same time form amyl alcohol. In fact, in the fermentation of a pure sugar, Ehrlich 
obtained a quantity of fusel oil proporlioml to the quantity of leucine added ; he w'as also able to 
obtain an amount of fusel oil equal to 7 per cent, of the alcohol formed (the usual amount being 
0*4 to 0*6 per cent.) and, further, he succeeded in reducing the formation of fusel oil considerably 
by|the adfeon of ammonium salts. The United States imported 2100 tons of fusel oil in 1910 
and 2740 tons (£236,000) in 1911. 
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In the Savalle rectifiers 45 kilos of coal are consumed per hectolitre of pure rectified 
alcohol Continuous rectification results in a saving of almost 50 per cent, of fuel compared 
with the discontinuous process. During rectification the loss of alcohol is 1 to 2 per cent., 
and the cost of rectification varies from 3 to 3-5 lire (2s. 6d. to 3s. ) per hectolitre. The firm 
of Savalle holds that it is more economical to use cold air than water in the refngerators of 


attention may lastly be drawn to the ingenious although complicated Perrier distilling 
and rectifr-ing apparatus, in which the vapours of alcohol, water, higher alcohols, and 
aldehydes are passed successively into columns filled with glass beads and surrounded by 
a jacket containing a liquid hoilii^ at a constant temperature, the latter being hence 
assumed hy the whole of the tower. In one of these, having a temperature of 85° to 90°, 
only water and the taflings are condensed; the vapours then pass into a second tower, 
kept at 75°, where all the ethyl alcohol (which may he rectified in another tower) separates ; 
the vanours from this form the foreshots and are condensed in a succeeding tower. 

OTHER PRIME MATERIALS FOR THE MANUFACTURE OF ALCOHOL. 
(1 ) Beetroot and Molasses. It is especially in France that considerable quantities of beet 

are iised for the manufacture of alcohol instead 


of sugar; this is never done in Germany or 
Italy. The beets are washed and minced, and 
the pulp exhausted hy pressure, maceration, or 
diffusion with water. This treatment is described 
in the section on sugar. 

The spirit obtained from the beet is less 
pure than that from potatoes, containing more 
propyl and butyl alcohols but less amyl alcohol. 

Of more importance in Italy and various 
other countries is the utilisation of heet-molasses.^ 
• The complete fermentation of molasses has 
presented many difficulties, which have now 
been overcome. Formerly, after the molasses 
was diluted to 8° to 10° B6. (this was carried out 
in vats provided with stirrers, see Fig. 141 ), it 
Fig. 141. was slightly acidified with sulphuric acid [2-5 

grams of free H^SO^ per litre. E. Legier (1913) 
replaced the sulphuric acid advantageously by a smaller amount of hydrochloric acid, 
pure yeasts acclimatised to worts containing traces of formaldehyde being used], as the 
reaction is usually alkaline. The liquid was then boiled for some hours in a current of 
air in order to eliminate the volatile acids (nitric, etc.) liberated, and, after cooling it 
to 15°, alcoholic fermentation was initiated by the addition of vigorously fermenting 



The annual output in Germany is estimated at about 1000 tons, and in 1912 Germany 
imported 124 tons and exported 197 tons. The price at one time was Yeiy low : in 1911 less 
than £28 per ton, in 1905 £70, in 1910 £100, and in 1913 £144. 

This is the dense, viscous, and blackish mother-liquor which remains from the final cr^^stal- 
lisation of the sugar {which see) and from which no further sugar will crystallise, although 45 to 
50 per cent, is present {see explanation in the section on Sugar) ; it has a density of 40° to 45 ° Be. 
(74° to 84° Balling). The composition of beet-molasses is as follows : water, 16 to 20 per cent. ; 
sugar, 44 to 52 per cent. ; non-nitrogenous extractive matters, 10 to 16 per cent, (largely pentoses ) ; 
nitrogenous compounds, 6*5 to 9*5 per cent, (of which only one-third consists of proteins, the 
rest being amino-acids); ash (deducting COg), 8-5 to 11 percent. In Italy the working -up of 
molasses has assumed considerable importance during the last few years, owing to a change in 
the method of taxing sugar; previous to 1903, sugar recovered from molasses by somewhat 
expensive processes {see Sugar) was exempt from taxation, whilst nowadays all sugar produced 
is taxed uniformly, so that the manufacturers find it advantageous to sell the molasses to the 
distillery at £2 85 . to £3 is. per ton (pre-war price). In 1907 the Italian distilleries used 38,000 
tons of molasses, obtaining 97,330 hectolitres of alcohol, while in 1912 125,000 hectolitres were 
obtained from 56,000 tons. 

In Germany, Belgium, and part of France, it is found to be more convenient and rational 
to utilise a large proportion of the molasses as cattle-food after absorbing it by highly porous 
vegetable substances. In Italy, tumelim, patented by E. Molinari, and sanguemelassa (blood- 
molasses), patented by L. Finq, are manufactured; the residues of dried tomatoes (Squassi, 
Bono) and various other dried industrial products are now used as absorbents, Li Germany 
more than 150,000 tons of molassic fodder are consumed; Italy produced 40,000 tons in 1908 
and more than 48,000 in 1909. 
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liquid and the excess of acid which forms gradually neutralised with cliaik. The spirit 
thus obtained is difficult to purify, as it contains an aldehyde and various acids wiiicli 
boil at very low temperatures. 

To-day, however, the process is much more simple, as Jacquemin and Effront have 
devised various methods of preparing races of yeast capable of living actively in worts 
rich in salts (nitrates, carbonates, etc. ), such as those prepared from beet molasses. In 
the past the difficulty of fermentation was attributed to the presence of nitrates, but it 
from Fernbaeh and Langenberg’s experiments (1910) that nitrates, even in 
proportions as great as 0-3 per cent., facilitate fermentation. 

{a) In the Jacquemin process the fermentation is initiated in small quantities of wort 
in suitable vessels {see Eig. 125, p. 150), and the wort of the last rather larger vessel (into 
w'hich is also placed a little hydrofluoric acid, to which the 5 ’east has been previously 

acclimatised ’’) serves to pitch a 200 -hectolitre vat containing diluted, non-sterilised 
molasses, to which has been added 8 to 10 kilos of calcium hypochlorite, this preventing 
the development of heterogeneous organisms during the first few' hours without damaging 
the yeast — already adapted to chlorine. By means of this vat two other 500-hectoIitre 
vats of similar diluted molasses may be brought into a state of vigorous fermentation; 
the fermentation takes place so rapidly (and this is the most specific action of these yeasts) 
that in three days the whole of the molasses is fermented, there being thus no time for 
the development of extraneous germs causing harmful secondary fermentations. 

( 6 ) The Effront process is still more simple, and is based on the use of selected yeasts 
specially adapted to molasses worts and endowed with exceptionally rapid fermenting 
properties; these yeasts are placed under such conditions (namely, the addition of resin) ^ 
that they easily overcome deleterious bacteria and complete the fermentation before these 
become harmful. To the molasses simply diluted with w'ater and not sterilised are added 
these special yeasts, together with 1 kilo of colophony per 10 hectohtres of wort ; in three 
days the fermentation is complete. In 1903 almost 1,000,000 kilos of colophony were 
used in France for this purpose. 

In general bottom fermentation beer yeasts {see Beer) give high yields of alcohol. 

(2) Alcohol from Fruit. This is not of great industrial importance, 
although in certain districts and in certain years it assumes considerable 
magnitude. In Italy, dried figs of little commercial value, carobs, etc., are 
used; and, in other countries, plums, apples, pears, etc. These fruits often 
give an irregular, and seldom a complete, fermentation, oving to conditions 
similar to those encountered with beet-molasses. Hence, as in the latter case, 
use is made of very active yeasts adapted, w’here possible, to these special 
worts. 

The alcohol obtained from these worts has a characteristic odour indicating 
its origin. 

(3 ) Alcohol from Woody Substances. This is a subject w’hich has aroused considerable 
interest during about the last twenty-five years. Many attempts have been made to 
transform a part of the wood (sawdust, peat, etc. ) into fermentable sugar by the action 
of acids (HF, SO^, HgSO^, etc., at 170° and 16 atmos, pressure) on the matter (lignin) 
encrusting the wood and not on the cellulose. In Chicago the process was applied on a 

^ Effront observed that the law of the stroi^est^^ which is often verified in bacteriology — the 
most numerous and powerful bacteria rendering life impossible to w'eaker ones — scarcely ever 
holds in the case of alcoholic fermentation, where, even though the harmful bacteria are less 
numerous th^ the yeasts, the latter are seldom victorious, the bacteria often entirely arresting 
alcoholic fermentation even when the conditions are favourable for the latter. 

According to Effront, this is owing to the different specific gravities possessed by yeasts and 
bacteria, which hence live in different, relatively distant strata, so that there is no opportunity 
for the application of the law of the strongest — which consists in the production by certain micro- 
organisms of poisonous substances preventing other forms from developing. Effront hence 
proposes to add suitably emulsified resin (colophony) to the worts at the beginning of the fermen- * 
tation; this has the property of coa^kting only the bacteria, which become denser and are 
brought into more intimate contact with the yeast, the latter then being in the most favourable 
•condition for the annihilation of the bacteria. The resin itself is not the cause of the death of 
the bacteria, as Effront states that these may be readily cultivated in the pure state in presence 
of resin (private communication). 
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vast industrial scale according to A. Classen’s patents (Ger. Pats. 130,980, 1899, and 
161,644, 1904),^ 100 Idlos of wood (with 25 per cent, of moisture) are treated in an 

^ As early as 1820, Braconnofc observed that sugar is formed when wood or even potton cloth 
is treated with sulphime acid. Later on lllelsens obtained a good yield by treating cellulose 
with dilute sulphuric acid in an autoclave under pressure. In i860 Petteiikofer investigated 
this process and showed that it could not, at that time, compete with thc use of potatoes. Still 
later, Basset prophesied a yield of 32 per cent, of alcohol from the similar treatment of wood (!). 
Simonsen, in 1880, treated wood under pressure with dilute sulphuric acid (100 parts of water, 
16 of wood, and 0-5 of sulphuric acid at 180° for two hours), transforming 25 per cent, of it into 
sugar (78 per cent, of which was fermentable) and obtaining a practical yield of 6 to 7 litres of 
pure alcohol ; no industrial plant was, however, erected. 

Beiferscheidt (1905) overcame the resistance of the wmod to penetration by liquid acid (met 
with also by Classen) by causing sawdust to absorb two-tliirds of its weight of sulphuric acid 
(sp. gr. 1-65) and subjecting the mass to the maximum pressure of a hydraulic press ; simple 
digestion of the mass with water and filtration gave a fermentable liquid and a yield of 6*5 per 
cent, of alcohol on the w’eight of w’ood (pine, containing 53 per cent, of cellulose) taken, A 
similar yield is obtained by treating the wood with five times its weight of 1 per cent, sulphuric 
acid solution at a pressure of 8 atmos. for fifteen minutes. He confirmed the observation that 
the pentosans of the wood do not ferment, and wnth pure cotton he obtained as much as 12 per 
cent, of alcohol. 

The use of concentrated .«u1pliiiric acid (66° Be.) in the cold has aho been suggested, a yield 
of more than 10 per cent, of alcohol ( ?) being claimed. Experiments have likewise been made 
on the treatment of wood in the hot with solutions of aluminium chloride, w'hich at 100° to 105° 
dissociates with production of HCi, this converting the cellulose into dextrin and then into 
fermentable dextrose. 

According to Th. Komer, the addition of oxidising agents or of ozone, as was suggested by 
Roth and Gentzen (Ger. Pat. 147,844, 1905), i.s of no advantage. He obtained the best yields 
by heating saw'dust, straw, etc., with 0-5 per cent, sulphuric acid for twm hours in an autoclave 
at 6 to 8 atmos. ; only a small part of the molecular complex of the cellulose is converted into 
fermentable sugar, and he obtained a yield of alcohol equal to 15 to 18 per cent, of the weight of 
the true cellulose in the wood. Without the addition of sulphuric acid, the yield W'as about 
one-fourth less. 

F. Ewen andH. Tomlinson, of Chicago (U.S. Pat. 938,308, 1909), treated 400 kilos of sawdust, 
straw, or stems of various cereals (mth 30 per cent, of moisture) in autoclaves with 5 kilos of 
sulphuric acid of 60® Be. diluted with 20 litres of water; after complete digestion and agitation 
the temperature of the mass is brought in fifteen minutes to 135° to 160° by means of steam 
under pressure ; after half an hour the temperature is lowered rapidly to 100° by allowing the 
steam to escape, and the sulphuric acid then separated in the usual w'ay. By 'this means 20 to 
30 per cent, of the weight of the cellulose is transformed into fermentable sugar. Later, part of 
the. sulphuric acid was replaced by sulphurous acid (1 per cent, on the weight of wood). A 
similar process is that of Eckstrdm (Norw. Pat. 17,634, 1907). Willstatter obtained better 
results with hydrochloric acid in the cold. 

Classen’s process, which has been tried on a large scale in North America, has exhibited 
various disadvantages : the time required for treating 2 tons of wood was as much as six hours, 
the consumption of sulphuric acid w'as large, part of the sugar w^as destroyed, and frequent 
repairs were necessary- The process was improved by Ew^en and Tomlinson, and w^as worked 
by the Standard Alcohol Company in a works at Georgetown, S. Carolina, and then by the firm 
E. J. Bu Pont de Nemours. Less acid was used and the treatment maintained only for forty 
minutes, the autoclave being rotatable and made of steel protected outside with fireclay. This 
was filled with sawdu.st, sulphur dioxide (1 part per 100 of dry wood) being then passed in, and 
subsequently steam at 7 atmos. After forty minutes, the vapours of w^ater, acetic acid, terpenes, 
and sulphur dioxide are passed into washing or absorption vessels, while the residual darkened 
sawdust is extracted with hot water ; the aqueous extract is neutralised with chalk, filtered, 
fermented, and distilled. Rectification 3 delds 94 per cent, alcohol free from methyl and higher 
alcohols, and containing only traces of furfural and other aldehydes. The cost of this alcohol 
seems to be less than three-halfpence per litre of 90 per cent, concentration. 

Of the different works which attempted the manufacture of alcohol from wood the only one 
remaining at work in the United iStates in 1913 was that at Georgetown, w^here 200 tons of saw- 
dust and wood w^aste from three neighbouring sawmills W'as treated daily ; the yield of anhydrous 
alcohol amounted to 6000 litres per day {i. e., about 3 per cent.), and even with the Simonsen 
process the yield did not exceed 5 per cent. However, the process was further modified by a 
return to Simonsen’s system, but with less water and acid, the pulp obtained being subjected 
to diffusion and the sugar solution thus formed fermented, a liquid containing 2-5 per cent, of 
alcohol resulting. 

J. Ville and W. Mestrezat (1910) state that, whilst cellulose resists dilute solutions (up to 
SO per cent. ) of hydrofluoric acid, with 50 per cent, solutions, 100 grams of cellulose yield 60 grams 
of glucose ! 

^ There has been much discussion recently (1906-1907) concerning a process for extracting 
spirit from peat in a manner similar to that described for wood. These attempts date from 187(), 
and various patents were filed in 1882-1891. The most important tests were made in Norway 
in 1906 by the Reynaud process (1903), in which 300 kilos of peat were treated in the hot with‘ 
700 kilos of water containing 7 kilos of sulphuric acid (66° Be.) under 3 atmos. pressure; 
GOO litres of liquid "were thus obtained and this was fermented with specially selected yeasts 
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autoclave for an hour with about 100 kilos of aqueous sulphur dioxide and sulphuric acid 
in presence of steam at 6 to 7 atmos. pressure (150° to 165°). The excess of sulphur dioxide 
is eliminated by means of a current of air, the residue being boiled with water or extracted 
in diffusers, and the liquid neutralised with calcium carbonate and fermented. It is stated 
that wood thus yields a product containing 3o’36 per cent, of solid residue, 34*63 per cent, 
of water, 10*97 per cent, of fermentable reducing sugar, 3*21 per cent, of non-fermentable 
reducing sugars (pentoses : xylose, etc. ), 0*35 per cent, of sulphuric acid, and 0*77 per 
cent, of other acids, and it was hoped to obtain about 8 litres of alcohol (per 100 kilos of 
wood) mixed with a little acetic and formic acids, the residues being in part utilisahle for 
making paper. The actual yields did not, however, correspond with expectations. Host 
and Wilkening (1910) improved the Fleehsig process (1883) by treating 5 parts of cellulose 
first with 50 parts of 72 per cent, sulphuric acid at 20° for three hours, then diluting with 
water to obtain a clear solution with an acidity of 3 per cent., and heating this in an auto- 
clave at 120° for two hours ; in this way a yield of dextrose equal to 90 per cent, of the 
theoretical yield was obtained and, after fermentation, the corresponding amount of 
alcohol. In France, England, the United States and Canada, there has been an uninter- 
rupted series of trials and failures during the past twenty years, some of the industrial 
processes being apparently based on speculation and hence certain of failure. 

Woods of ail kinds give the same yield of alcohol, with the exception of oak, which 
gives less owing to its content of tannin; the latter should therefore be eliminated 
beforehand. 

(4) ALCOHOL FROM THE SULPHITE LIQUORS OF PAPER WORKS. According 
to the Swedish patents of J. H. Vallin and of Eckstrom, alcohol is obtained by treating 
the waste sidpMie liquors of paper-mills in the hot with sulphuric acid and fermenting the 
liquid containing the glucose formed. The hot acid liquid has to be neutralised almost 
completely with chalk and decanted, the residue being then pressed in a filter-press ; the 
liquid is then cooled on piles to 30°, pitched with yeast, aerated during fermentation (five 
to six hours) and the dilute alcoholic liquid (0*7 to 0*8 per cent, alcohol) distilled. From 
10 cu. metres of the sulphite liquors are obtained 60 litres-of 100 per cent, alcohol (which 
is, however, of bad flavour and is used for denaturation). For a factory producing 60 tons 
of cellulose per day, i. e., 600 tons of waste sulphite liquors, the cost of tanks, pumps, 
piles, distilling apparatus, filter-presses, etc., may be taken as about £6000, and the alcohol 
produced (36 hectolitres per day) would cost (including all expenses, hut excluding taxation) 
105. to 11 5. per hectolitre at 100 per cent, strength. The problem of the disposal of the 
waste liquors (which contaminate the rivers) of paper-mills is not, however, solved in this 
way, since the liquid still contains much decomposable organic matter after the distillation 
of the alcohol. 

In 1910 there were two factories in Sweden for the manufacture of alcohol from these 
ivaste sulphite liquors : that at Billingfors prepared methyl alcohol (15 kilos per ton of wood 
pulp) by H. Bergstrom and H. Fahl’s process; the other at Skutskiir manufactured ethyl 
alcohol. For every ton of cellulose there are obtained 8 to 9 tons of sulphite liquors 
containing, either dissolved or suspended, as much as 12 per cent, of organic substances, 
and yielding alcohol at less than l|d. per litre. These yields and costs were confirmed in 
1911 at the Spritfabrick Kopmanholmen, without allowing for the recovery of lime and 
sulphur from the residues. In 1912, three large Swedish sulphite cellulose works, using 
a modified process by G. Ekstrom, produced altogether 20,000 hectolitres of anhydrous 
alcohol in the year. According to Rinman’s process, based on the dry distillation of the 
residues from the sulphate treatment of cellulose, it appears possible to obtain acetone, 
together with a little methyl and ethyl alcohols. During the European War, Sweden sold 
considerable quantities of this alcohol at high prices to the belligerent nations. In normal 
times, however, owing to the enormous bulk of the very weak alcoholic liquid (0-7 per 
cent. ), the high cost of plant, and the large consumption of fuel necessary, such a process 
is workable only in countries where the conditions are exceptionally favourable. 

(5) Alcohol from Wine, Lees, Vinasse, and Withered Grapes. In seasons when wine 


{Saccharomyoes elUpsoideus), the yield being 25 litres of burning spirit at an inclusive cost of 
about 4*5d. per litre, which is about double the cost of that obtained from ordina:i^ starchy 
materials. In 1905, the Danish Government offered a prize for the improvement of this jprocess, 
but the yield was not increased, although it varies somewhat (6 to 8 per cent.) with the 
quality of the peat ; inwall cases the alcohol obtained in this way is too costly. 
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is abundant and prices low and in general when there are spoilt wines (at 6s. to 8s. per 
hectolitre), it is convenient to extract the alcohol from them, this being of use in the 
preparation of liqueurs and spirits. . 

The distillation presents no difficulty and is carried out either in the large distilleries 
or rritli a Gnillaume-Egiot apparatus (see p. 163), -wliicli is mounted on a car so as to be 
readily transportable, and may be used in places where there is little available water, since 

the coolers and condensers act 
as heaters and are fed with the 
wine to be distilled. It gives 
directly 90 to 94 per cent, 
alcohol. 

In the same way as wine, 
fresh lees or bottoms from wine 
vats (containing 4 to 6 per cent, 
of alcohol) and dried graj^es'^ 
are treated. 

The distillation of vinasse, 
containing 2*25 to 3-5 per cent, 
of alcohol, is of considerable 
importance in Italy ; if this were 
all distilled it would yield about 
250,000 hectolitres of pure 
alcohol annually (for a produc- 
tion of 40 million hectolitres of 
wine). Of the various forms 
of apparatus for the distillation of vinasse only those of Villard-Rottner and of il^grot will 
be described, as they are the commonest and differ little from other good types. 

The generator, K (Fig. 142), of the Villard-Rottner apparatus sends steam from the 
dome, M, into the three boilers, J., in succession, the steam entering at the bottom and 
issuing at the top of each. These three boilers contain the vinasse mixed with an equal 
volume of Tvater. The vapours, which are rich in alcohol, pass through the pipe, to 
the dephlegmator, (?, and are then condensed in the coil, /, at a concentration little exceeding 
50 per cent. When the first boiler is 
exhausted it is emptied and again charged, 
the steam passing meanwhile through the 
second and third; the first boiler now 
becomes the third, the second being then 
emptied, so that two boilers are always in 
use. The hot water from the boilers is 
treated separately for the extraction of 
tartar {see this). 

In the Egrot apparatus (Fig. 143) the 
boilers, A, are arranged on pivots, so that 
they can be inverted and rapidly emptied. 

Steam from the boiler, D, extracts the 
alcohol from the three boilers, which are 
arranged in series, as before, so that two 
are always in use while the third is being emptied and recharged. The alcohol vapours 
pass into the dephlegmator, B, and thence into the spherical rectifier, C; R acts as a 
condenser and is cooled by water from the tank, K. The condensed alcohol passes along 

^ In some countries — ^at certain times in Italy — dried grapes are used for the production of 
alcohol, especially Greek grapes, which are received from viticulturists by the Greek Govern- 
ment in payment of taxe.s, and are dried and placed on the European markets. These grapes 
are first macerated in tepid water, then crushed and fermented in the usual way; the wine 
obtained may be used for mixing with other wines or for distillation. In 1905-1907, in order 
to help the crisis in the South, the Italian Government granted a considerable rehatement of 
taxation on the alcohol obtained from grapes. The Italian distillers then began to import large 
quantities of Greek grapes (containing 50 to 55 per cent, of sugar), which could be delivered in 
the factory at about £6 10<s. per ton, so that the southern viticulturists reaped no advantage 
from the rebate, which was hence abolished. 



Fig. 143. 



Fig. 142. 
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the tube, w?, to the test-glass, jl/, and from there to the casks, t, at a concciitratioii of 55 
to 60 per cent. 

With the first apparatus, to treat 10 tons of vinasse, yielding about 8 hectolitres of brandy 
at 51 per cent., roughly 26 cirt-. of coal are consumed, whilst the 6grot apparatus uses 
much less than this for an equal yield. The brandy thus obtained has almost always a 
rather unpleasant flavour, and is often used for rectification in the ordinary way (if too 
dilute it becomes opalescent), and is then left to age in oak casks so as to acquire a pleasing 
aroma. This result is obtained more rapidly by pasteurisation, that is, by passing the 
brandy through a coil surrounded by water at 60"^ to 65°, or by passing a current of ozonised 
air through it {artificial maturation). The name cognac is given to The finest old French 
brandies. 

Alcohol from cereals may be distinguished from that obtained from wine, etc., as the 
latter always contains aldehj'des {see later, Rimini's Reaction and Schiff's Reagent). 

(6) Alcohol from Green Maize. Use has been made in the United States of the vStewart 
process, according to which the cobs are removed from the maize plants when the grain 
has attained a milky consistency. The remaining plants continue to grow and become 
exceptionally rich in sugar, it being possible to obtain per hectare (247 acres) 13 tons of 
sugar and, by fermenting the milky mass of the seeds (which contain 20 per cent, of fer- 
mentable matter), about 2000 litres of alcohol, the residual cake having a high nutritive 
value. 

(7) Alcohol from Calcium Carbide (Synthetic Alcohol), From the ethylene present 

in illuminating gas and in oil-gas, Hennel, a collaborator with Faraday, obtained (1825-1828) 
etbylsulphuric acid (sulphovinic acid), which on decomposition yielded alcohol. Berthelot 
studied this reaction more in detail in 1855, and Fritzsche in 1897, and more thoroughly in 
1912, established the conditions for obtaining the maximum yield of alcohol : €2^4 -r 
H2SO4 = C2H5O ' SO3H and the latter -f ~ H2SO4 ; 100 kilos of hot 

concentrated sulphuric acid absorb 14 kilos of ethylene, 18 kilos of 100 per cent, alcohol 
being obtainable. The ethylene may be derived from coal-gas or by reduction of acetylene 
by means of hydrogen. A very large quantity of acid (450 kilos per hectolitre of alcohol) 
must be put into circulation, and this is not all recovered, and, further, requires reconcen- 
tration. Acetylene may give alcohol also directly (J ay et Cie., Paris, Ger. Pat. 149,893, 
1902) by treating it with hydrogen and ozonised oxygen at 20° to 55° and condensing the 
small amount of aldehyde formed with ammonia. 

In 1907, Jonas, Desmonts, and Deglotigna (Fr. Pat. 360,180) proposed preparing 
alcohol by first dissolving acetylene in mercurous nitrate and then heating the mass to 
boiling ; the precipitate decomposes, regenerating the mercury salt and evolving vapours 
of acetaldehyde, which are condensed and converted into alcohol by means of sodium 
amalgam (nascent hydrogen). Further, the Griesheim-Elektron Company and hi. Griin- 
stein (Ger. Pats. 250*,356, 253,707, 261,589 and 267,260, 1910-1912, and Fr. Pat. 440,658) 
succeeded in preparing acetaldehyde in good yield by passing acetylene into a sulphuric 
acid solution of mercury nitrate kept at 15° to 25°, an atmosphere of acetylene being main- 
tained at the surface, while superposed on the liquid is a solvent which dissolves the alde- 
hyde as it forms and thus prevents it from polymerising ; the same end may be attained 
by causing separation of the aldehyde by dissolving sodium sulphate in the mass or by 
occasional distillation of the aldehyde. Transformation of the aldehyde into acetic acid 
or alcohol appears to be easy and to give good yields. 

Shortly before the outbreak of the European War the Lonza Company of Yallese 
(Switzerland) erected a works for the large scale manufacture of acetic acid and anhydride 
from acetylene by a process analogous to that of the Griesheim-Elektron Company; they 
attempted also to produce synthetic alcohol. Messrs. DrejTus of Basle likewise succeeded 
in preparing acetic acid, acetic anhydride and alcohol from acetylene, and during the war 
built three large plants — ^in Italy, France, and England; these w^ere, however, failures, 
and seem to be speculations on the part of unscrupulous bankers and business men. A 
painful and clamorous echo of this entanglement of more than £4,000,000 was heard in 
the House of Commons early in 1918. 

Prior to the war, alcohol from grain cost about £14 per ton, whilst that from acetylene 
cost at least £22, 2000 kilos of calcium carbide and 500 cu. metres of hydrogen being required, 
without taking into account the sulphuric acid and catalyst lost, the coal, patent rights, 
and sinking fund for such colossal plant. 
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REFINING AND PURIFICATION OF SPIRIT. After the introduction of rational 
methods of fermentation with selected yeasts and of more perfect rectifying appliances, 
the quantity of actval alcohol was considerably increased and it was generally sufficiently 
pure for ordinary commercial purposes. When, however, it became recognised that the 
harmful effects of alcoholism are aggravated by the presence in commercial alcohols for 
liquors, etc., of even minimal quantities of aldehydes and amyl alcohol, recourse was some- 
times had to a special pwificaiion or refining of rectified spirits in order to give them a slight 
ethereal odour, which is greatly valued. Of the many and varied substances suggested 
for the purification, mention need only be made of wood charcoal in lumps calcined and 
cooled out of contact with air and placed in batteries of tall iron cylinders through which 
the alcohol is passed ; when the charcoal becomes inactive it is revivified by means of super- 
heated steam at 600°. The charcoal has an oxidising, esterifying, and decolorising action, 
but it does not fix the amyl alcohol. Treatment wuth fatty oils (wdiich retain the aldehydes ) 
and subsequent distillation are also used, as also is addition of carbonates of the alkalis and 
alkaline earths. Treatment with oxidising agents — ozonised air, potassium permanganate 
or dichromate, nitric acid, chloride of lime, etc. — has the disadvantage of forming acetic 
acid and ethyl acetate. Consequently Naudin prefers reducing the aldehydes with nascent 
hydrogen formed in the liquid itself by means of a copper-zinc couple. 

R. Pictet has devised a totally different process : owing to the variations (at different 
temperatures) of the maximum vapour pressure of volatile liquids, he ascertained that 
the vapours obtained from a mixture of w'ater or other substances "with alcohol are the 
richer in alcohol the lower the temperature to which the mixture is heated. He boils the 
mixture at 50° to 60° in a vacuum and then rectifies the vapours in a colmnn at a tempera- 
ture of — 30° or — 40°, obtained by means of a sulphur dioxide refrigerating machine. 
The apparatus is somewhat complex, but it yields a well-refined pure spirit.^ 

^ Tests for the Purity of Alcohol. The tests mentioned on p. 131 vill detect traces of 
water in so-called ahsoliite alcohol. 

If alcohol is highly purified [pimss. ), 10 c.c. of it, mixed with 1 c.c. of water and 1 c.e. of 0*1 per 
cent, potassium permanganate solution, should retain its red colour for tw’enty minutes, 
or for at least five minutes if the alcohol is termed 'pure ; it should not become 
turbid on dilu tion with water, should give neither an acid nor an alkaline reaction 
(with phenolphthalein), and should remain unchanged with ammoniacal silver 
nitrate solution. To test for aldehyde the alcohol is diluted with water and a few 
drops distilled and tested by Rimini's reaction {see p. 131); or, for aldehydes in 
general, by Schiff’s reagent (fuchsine solution decolorised with sulphur dioxide : 
0‘6 gram of fuchsine is dissolved in 500 c.c. of water and decolorised with 10 c.c. 
of sodium hydrogen sulphite solution of sp. gr. 1-26 and 10 c.c. of concentrated 
HCl); a few cubic centimetres of this reagent are coloured red when shaken with 
a few' drop.s of alcohol containing traces of aldehydes. 

Of more importance is the quantitative estimation of the fusel oil {see Note, 
p. 165). 

Traces of fusel oil may be detected by Kamarowsky's reaction, i. e., w'ith 
salicylic aldehyde and sulphuric acid; H. Kreis's modification (1907) of this 
colorimetric reaction yields moderately accurate results. In the commercial 
control of the purity of alcohol use is generally made, for the quantitative 
estimation of the fusel oil, of Herzfeld and Windisch's modification of Rose’s 
apparatus (Fig. 144); the method is based on the property possessed by 
chloroform of dissolving the higher alcohols and a very little ethyl alcohol, at the 
same time inGrea.sing in volume. The alcohol is first diluted very exactly to a 
concentration of 30 per cent, by volume, or, better, to the sp. gr. 0-9657 at 15-5° 
{see Table, p. 177 ; if the alcohol has a concentration, v, less than 30 per cent., 

then 15^2^ — c.c. of absolute alcohol should be added ). The Rose tube (washed 

with alkali, acid, water, alcohol, and ether and well dried) has a cylindrical 
expansion at the bottom containing 20 e.c. up to the first mark; then comes a 
tube 18 cm. long, holding 2*5 c.c. and graduated in 0-01 c.c.; at the top is a 
pear-shaped bulb of about 200 c.c. capacity, closed with a ground stopper. The 
tube is placed in W'ater at 15° and into it are introduced by a long funnel reaching 
to the lower bulb 20 c.c. of pure chloroform at 15°, and then 100 c.c. of the 
alcohol diluted to 30 per cent, at 15° and 1 c.c. of sulphuric acid of sp. gr. 1-2857 
(38 per cent. H 2 SO 4 ). The tube is then closed, inverted so that all the liquid 
Fig. 144. passes into the pear-shaped bulb, shaken vigorously for a minute (150 shakes) 
and placed erect in the water-bath at 15°, where it is left for fifteen minutes 
after a rotatory movement has been imparted to the liquid so as to collect the drops of 
cMorofomi adhering to the walls. The increased volume of the chloroform is then compared 
with that obtained in a similar test with pure alcohol of the same concentration. If no blank 
experiment is made, 1-64 c.c. is subtracted from the increase in volume as being due to the 
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ALCOHOL METERS OR MEASURES. These are important instTumeiits, as in 
nearly all countries the manufacture of alcohol is subject to taxation which is calcuiated 


on the quantity of alcohol passing through 
corresponding amount of pure alcohol (100 per 
cent. ). The Siemens measurer is the one most 
commonly used (Figs. 145 and 146), and some- 
what resembles the gas-meter (see p. 56) 



Fig. 145. 


sealed meter indicating automatically the 



Fig. 146. 


even in its registration. The alcohol, which .enters laterally by the tube /, is discharged 
into the inner central part of the drum, J5, i. e., into h, this being divided longi- 
tudinally into three small chambers furnished with apertm'es, r\ r-, r^; when the small 


ethyl alcohol dissolved. Each 0*0 1 c.c. increase in volume of the chloroform coiTcspond.s with 
0’006634 per cent, by volume of fusel oil. For an alcohol rich in fusel oil which gave a final 
volume of chloroform of 22-14 c.c. the true increase in volume will be 22*14 - 1-04 — 20 = 0-5 c.c. 
The percentage, f, of fusel oil by volume on the original alcohol (not on that diluted to 30 per 
cent.) is calculated by the following formula : 

(c - &) (100 -h a) 

^ ~ 150 


where c is the uncorrected inenase in volume of the chloroform, 5 is the correction, 1*04, clue to 
the ethyl alcohol, and a indicates the number of cubic centimetres of water or absolute alcohol 
added to 100 c.c. of the original spirit to bring it to 30 per cent. Examjile : If 80 per cent, 
alcohol is used, 171-05 c.c. of water must be added to 100 c.c. to break it down to 30 per cent. ; 
100 c.c. of this then increases the volume of the chloroform from 20 to 21-94 c.c., so that : 


/ = 


(1-94 _ 1.64) (100- 171-05) 
150 


= 0*54 per cent, by volume of fusel oil. 


TSq furfural is detennined in 10 c.c. of distilled alcohol, to wiiich are added 10 drops of colour- 
less aniline and 2 c.c. of acetic acid; if a red coloration appears after twenty to thirty minutes 
furfural is present. 

The estimation of small quantities of benzene in denatu rated alcohol may he carried out by 
means of Rose’s apparatus (for more than 1 per cent, of benzene). The best method is to dilute 
100 c.c. of the alcohol to a concentration of 24*7 per cent, by weight and to distil the whole ; the 
first 10 c.c. of the well-cooled distillate is diluted to 20 to 25 c.c. with water in a graduated 
cylinder; the volume of the benzene which separates is increased by 0-3 per cent., which is a 
constant error of the method. This method of Holde and Winterfeld (1908) is based on the 
fact that wLen the alcohol is diluted with water, the vapour pressure of the benzene is 
considerably augmented, whilst that of the alcohol is diminished. 

To ascertain if meihjl alcohol is present in alcohol, 1 c.c. of it is treated with 1 c.c. of chromic 
acid solution and 5 c.c. of water, the whole being then carefully distilled until only 0-5 c.c. 
remains. The distillate is condensed in a long, air-cooled tube and collected in a test-tube, 
the condenser-tube being washed out with 2 c.c. of distilled water. One drop of ferric chloride 
and two of albumin solution are added to the test-tube, which is shaken; 5 c.c. of concentrated 
sulphuric acid is then cautiously added. The immediate appearance of a violet ring at the zone 
separating the two layers indicates that the original alcohol contained more than 5 per cent, 
of methyl alcohol ; if the coloration appears after a minute, the proportion is 1 to 5 per cent, 
and if after two minutes less than 1 per cent. (A. Vorisek, 1909). Another sensitive test is as 
follows : 1 c.c. of the spirit is shaken in a test-tube with 5 c.c. of 1 per cent, potassium perman- 
ganate solution and 0-2 c.c. (not more) of pure, concentrated sulphuric acid; after a rest of 
two to three minutes the liquid is shaken with 1 c.c. of 8 per cent, oxalic acid solution. When 
the mixture has assumed a brownish-yellow coloration, 1 c.c. of concentrated sulphuric acid is 
added, deeolorisation then occurring in a few seconds. The liquid is then mixed with 5 c.c. of 
rosaniline bisulphite and allowed to stand : in presence of ethyl alcohol alone a greenish to 
intense violet coloration appears, this vanishing in a few minutes; with spirit containing as 
little as 1 per cent, of methyl alcohol the more or less pale violet colour persists for several hours. 
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chamloer is about half Ml the alcohol falls into the large lower chamber (e. g., I), which 
has a capacity of 4 litres. When this chamber is filled with alcohol the level of the latter 
reaches the chamber D, the alcohol then falling through into 11 and displacing the 
equilibrium, so that the drum, B, is forced round in the sense of the arrow. At the same 
time the first 4 litres of alcohol is discharged into the vessel (7, which communicates with 
the storage reservoir by means of the tube G. The compartment 11 then occupies the 
position of 1, and so on. The axis of the drum is connected with a suitable automatic 
registering device. At the same time, in the cylinder A in front of the drum, the alcohol 
which passes through raises the float, P, more or less according to its strength, and a screw, 
Q, operates the lever, T, and so moves the index, B, the point ofiwhich registers the alcoholic 
strength on a paper ribbon moving along a carefully calculated curve, X. In order that 
alcohols of different concentrations may be well mixed and so influence the float correctly, 
they are delivered at P, where there are two tubes ; one of these, a, collecting the lighter 
alcohol, rises and then descends (c), discharging into the bottom of A by the perforated 
tube, e; the denser alcohol passes preferably along h and is discharged through the per- 
forated tube, d, at the top of A, so that mixing is rapid and complete. The registration 
is also independent of the temperature of the alcohol, as its 
expansion (or contraction) is allowed for by that of the float. 

QUANTITATIVE ESTIMATION OF ALCOHOL AND 
ALCOHOLOMETRY. As a rule alcohol is sold by volume 
and not by weight; 1 litre of absolute alcohol weighs 0-7937 
kilo or 1 kilo measures 1-2694 litres. Industrially alcohol is 
stated to be of so many litre-degrees; thus 100 litres of 2 per 
cent, alcohol would contain 200 litre-degrees (100 X 2), and 100 
litres of 60 per cent, alcohol would indicate 6000 litre-degrees, 
which would also be given by 1000 litres of 5 per cent, alcohol; 
so also 75-48 litres of 100 per cent, alcohol would be expressed 
as 7548 litre-degrees. Alcohol is taxed on the basis of the number 
of litres of absolute alcohol. 

The alcohol-content of an aqueous alcoholic solution is deduced 
from the specific gravity determined by the Westphal balance, or 
directly by the Gay-Lussac alcoholometer (at 15°) in France, or by 
the Tralles official alcoholometer (at 15-56°) in Italy and Germany, 
these giving the percentage of alcohol by volume contained in 100 vols. of the aqueous 
alcohol. The reading on the alcoholometer is made at the point of the stem coincident 
with the lower meniscus, which is well seen by looking rather below the surface of the 
liquid (Fig. 147); to avoid error, the alcoholometer must be so immersed that the whole 
of the graduated stem is not wetted {see Vol. I., p. 78). To determine the percentage by 
weight contained in 100 vols. the percentage by volume is multiplied by 0-7939 (specific 
gravity of absolute alcohol) and divided by the specific gravity of the alcohol examined 
{see Table on p. 175). 

To correct the alcohol reading determined at a temperature different from 15° (or 
15-56° for the Gay-Lussac alcoholometer), the following moderately exact formula of Fran- 
cceur is used : a; = c ^ 0-39^, where x is the number of Gay-Lussac degrees at 15°, c the 
number of degrees found at the non-normal temperature, and t the number of degrees 
the latter is above or below 15° ; the + sign of the formula is used if the temperature is 
below 15° and the — sign if it is above 15°. Thus an alcohol showing 72° on the Gay- 
Lussac alcoholometer at a temperature of 28° would have : a; == 72 — 0-39 X 13 = 66-93° 
Gay-Lussac at 15°. 

With dilute alcoholic liquids of complex composition (wine, beer, spirits, etc.) the 
alcoholic degrees cannot be deduced from the specific gravities. If, however, a given 
volume, e. g., 100 c.c., is taken and distilled in the usual way (p. 2) or in the Salleron 
apparatus (Fig. 149) until all the alcohol has passed over (about 70 c.c.), the distillate 
may be made up to the original volume with distilled water and its specific gravity and 
alcoholic strength determined in the usual manner. In order to prevent frothing during 
the distillation of beer and wine a piece of tannin or a few drops of oil are added. ^ 

^ The original type of the Salleron apparatus used by small wine merchants is that shown in 
Fig. 149. 

In some cases the alcohol of wines and other liquors is determined by the Geissler vapori- 
meier, which indicates the pressure of the vapours from the liquid heated at 100°. By means 
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WINBISCH’S TABLE FOR CALCULATING THE STRENGTH OF AQUEOUS 
ALCOHOL SOLUTIONS 


Sp. gr. 

Grams of 

C.c. of 

Gnms of 

Sp. gr. 

Grams of 

C.c. of 

Grams of 

at 

alcohol in 

alcohol m 

alcohol jH 

at 

alcohol :n 

alcohol in 

alcohol in 

15“ 0. 

100 grms. 

100 c.c. 

Iw c.c. 

C. 

lUb gnns. 

luO c.c. 

I'Jij c.c. 

0‘9999 

0-05 

0-07 

0-05 

0-9550 

31-06 

38-06 

30-21 

0-9992 

0-42 

0-53 

0-42 

0-9535 

32-55 

39-07 

31-01 

0-9985 

0-80 

1-00 

0-80 

0-9520 

33-42 

40-06 

31-79 

0-9978 

1-17 

1-48 ! 

1-17 ! 

0-9505 

34-28 

41-02 

32-55 

0-9970 

1-61 

2-02 

1-60 

0-9490 

35-ii 

41-95 

33-30 

0-9963 

2-00 

2-51 

1-99 

0-9470 

36-21 

43-17 

34-26 

0-9956 

2-39 

3-00 

2-38 

0-9455 

37-01 

44-06 

34-90 

0-9949 

2-79 

3-49 

2-77 i 

0-9440 

37-80 

44-93 

35-66 

0-9942 

3-19 

4-00 

3-17 

0-9420 

38-84 

46-07 

36-56 

0-9935 

3-60 

4-51 

3-58 

0-9405 

39-61 

46-90 

37-22 

0-9928 

4-02 

5-03 

3-99 

0-9385 

40-62 

47-99 

38-09 

0-9922 

4-39 

5-48 

4-35 

0-9365 

41-61 

49-06 

38-93 

0-9915 

4-81 

6-01 

4-77 : 

0-9345 

42-59 

50-11 

39-76 

0-9909 

5-19 

6-47 

5-14 

0-9330 

43-31 

50-88 

40-38 

0-9902 

5-63 

7-02 

5-57 

0-9305 

44-51 

52-14 

41-38 

0-9896 

6-02 

7*50 

5-95 

0-9290 

45-22 

52-89 

41-97 

0-9889 

6-48 

8-07 

6-40 

0-9265 

46-39 

54-12 

42-95 

0-9884 

6-81 

8-48 

6-73 

0-9245 

47-32 

55-08 

43-71 

0-9877 

7-29 

9-06 

7-19 ' 

0-9225 

48-24 

56-03 

44-47 

0-9872 

7-63 

9-48 

7-53 

0-9205 

49-16 

56-97 

45-21 

0-9860 

S-05 

10-00 

7-94 ; 

0-9180 

50-29 

58-13 

46-13 

0-9860 

8-48 

10-52 

8-35 

0-9160 

51-20 

59-05 

46-86 

0-9854 

8-91 

11-05 

8-77 ■ 

0-9140 

52-00 

59-95 i 

47-57 

0-9849 

9-28 

11-50 

9-13 

0-9115 

53-21 

01-06 1 

48-46 

0-9843 

9-72 

12-05 

9-56 1 

0-9095 

54-10 

61-95 ; 

49-10 

0-9838 

10-10 

12-50 

9-92 1 

0-9070 

55-20 

63-04 1 

50-03 

0-9832 

10-55 

13-06 

10-36 

0-9050 

56-09 

63-91 

50-71 

0-9827 

10-94 

13-53 

10-74 

0-9025 

57-18 

64-98 1 

51-50 

0-9822 

11-33 

14-01 

11-12 1 

0-9000 

58-27 

66-03 

52*40 

0-9817 

11-72 

14-48 

11-49 1 

0-8975 

59-36 

67-08 

53-23 

0-9811 

12-20 

15-07 

11-96 1 

0-8955 

60-23 

67-91 

53-89 

0-9807 

12-52 

15-46 

12-27 : 

0-8930 ' 

61-31 

68-94 

54-71 

0-9801 

13-00 

16-04 

12-73 

0-8905 i 

62-39 

69-95 

55-51 

0-9796 

13-41 

16-54 

13-13 i 

0-8880 : 

63-47 

70-96 

56-31 

0-9791 

13-82 

17-04 

13-52 

0-8855 j 

64-54 

71-96 

57-10 

0-9786 

14-23 

17-54 

13-92 ' 

0-8830 ! 

65-61 1 

72-94 

57-88 

0-9781 

14-65 

18-04 

14-31 1 

0-8805 i 

66-67 : 

73-92 

58-66 

0-9776 

15-06 

18-54 

14-71 1! 

0-8775 j 

67*95 

75-07 

59-57 

0-9771 

15-48 

i 19-04 ! 

15-11 !! 

0-8750 1 

69-01 1 

76-02 

60-33 

0-9766 

15-90 

19-55 i 

15-51 !' 

0-8725 1 

70-06 ; 

76-97 

61-08 

0-9761 

16-32 i 

20-05 

15-91 1 

! 0-8695 1 

71-33 

78-OS 

61'97 

0-9756 

16-73 : 

20-55 

16-31 i; 

0-8670 1 

72-37 

79-00 , 

62-60 

0-9751 

17-15 

21-06 

16-71 ■' 

0-8640 ! 

73-63 

80-09 

63-56 

0-9747 

17-49 I 

' 21-46 

17-03 . 

0-8615 ! 

74-67 

80-99 

64-27 

0-9741 

17-98 1 

22-06 

17-50 

0-8585 i 

1 75-91 

82-05 

65-11 

0-9736 

18-40 ^ 

22-55 

17-90 

0-8555 

1 77-15 

83-10 

65-94 

0-9731 

18-81 

23-05 

18-29 

0-8530 

i 78-17 

83-96 

66-63 

0-9726 

19-22 

23-54 

18-68 

0-8500 

1 79-40 

84-97 

67-43 

0-9721 

19-63 

24-02 

19-07 

0-8470 

; 80-62 

85-97 

68-23 

0-9716 

20-04 

24-51 

19-45 

0-8440 

! 81-83 

86-95 

69-00 

0-9710 

20-52 

25-08 

19-91 

0 8405 

i 83-23 

88-08 

09-90 

0-9705 

20-92 

25-56 

20-28 

0-8365 

: 84-42 

89-02 

70-65 

0-9695 

21-71 

26-50 

21-03 

0-8340 

1 85-80 

90-09 

71-50 

0-9685 

22-49 

27-42 

21-76 

0-8310 

i 86-97 

90-99 

72-21 

0-9675 

23-25 

28-32 

22-47 

0-8275 

j 88-31 

92-01 

73-02 

0-9665 

24-00 

29-20 

23-17 

0-8240 

89-64 

i 93-00 

73-80 

0-9655 

24-73 

30-06 

23-86 

0-8200 

91-13 

1 94-09 

74-66 

0-9645 

25-45 

30-91 

24-53 

0-8165 

92-41 

1 95-00 

75-39 

0-9630 

26-61 

32-14 

25-50 

0-8125 

93-85 

i 96-00 

76-19 

0-9620 

27-19 

32-93 

26-13 

0-8080 

; 95-34 

97-08 

77-04 

0-9605 

28-19 

34-10 

27-06 

0-8040 

i 96-79 

97-99 

77-76 

0-9590 

29-17 

35-22 

27-95 

0-7990 

' 98-46 

99-05 

78-61 

0-9580 

0-9565 

29- 81 

30- 74 

35-95 

37-02 

28- 53 

29- 38 

0-7925 

100-00 

1 

100-00 

79-36 


There are also Tables by Hehner, Haas, Tralles-Biix, Gay-Lussac, etc., which differ little (at roost O’l to 0‘2 per 
cent.) from that of Windisch. 

For any specific gravity not given In the Table the corresponding alcoholic degree may be obtained easily and 
with sufficient accuracy by proportional interpolation. 
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USES AND DENATURATION OF ALCOHOL. The uses of alcohol are very varied, 
but are sometimes limited by the high price resulting from the taxation, which should be 

of a Table the alcoholic strength may be read pfi, kno™g the vapour pressure; the latter is 
measured on a special barometric U-tube, B (Fig. 148), to one end of winch is fixed the bottle, 
0, containing mercury and the alcoholic liquid and placed m the jacketed vessel, D, fil ed mth 
steam from the boiler, A. This apparatus gives results which are influenced by several factors 
(dissolved carbon dioxide, salts, etc.), so that little use is made of it. In more general use is 
the ehullioscope devised in 1823 by Groningen and subsequently improved by Tabarie (1833), 
Brossard-Vidal (1842), Malligand (1874), Salleron (1880), and Amagat ( 1885).^ Malligands 
form (Fig. 150) is the most commonly used, and is based on the dinerent boiling-points possessed 
by alcoholic liquids of difierent concentrations. The reservoir, F, is provided with a cover, 



Fig. 148. 



Fig. 149. 



through which pass a thermometer, T, bent at a right-angle and a tube surrounded by the con- 
denser, E. This cover is unscrewed and water poured into the reservoir as far as the lower 
mark inside, the cover being then screwed on (the bulb of the themiometer does not touch the 
water). The burner, T, is then lighted under the small chamber, 8, which is traversed by a 
brass tube communicating with the reservoir; the part a' being rather higher than a, circulation 
of liquid takes place through the tubes and reservoir. When the mercuiy thread of the ther- 
mometer remains stationary owing to the w^ater boiling and the steam hence having a constant 
temperature, the scale is adjusted by the screw, E, so that the zero-point corresponds with the 
end of the mercury column. The reservoir is then emptied, rinsed out with the wine, etc. 
(containing less than 15 per cent, of alcohol), and then filled with the wine to the upper mark, 
so that the thermometer bulb dips into the liquid when the cover is screwed on. The condenser 
is filled with cold water, the burner lighted, and the heating continued until the thermometer 
again shows a constant reading; the -corresponding scale-reading then gives directly the per- 
centage of alcohol by volume. Li the case of sweet wines or beers it is advantageous to dilute 
with an equal volume of water, the result given by the instrument then being doubled. 

An ingenious and simple capillar imeter, recently devised by Bosia and constructed by the 
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borne more especially by,alcoliolic beverages. In most countries aleoliol for industrial 
purposes is almost free from taxation later), the use of such alcohol for drinking being 
prevented by addition of deiiatuiing agents. 

Since 1903 the manufactnriag tax has been reduced in Italy to 12s. per hectolitre of 
100 per cent, aicohol (denatured), the ordinarj- tax being £8 per hectolitre (a bonus of 
25 per cent, or 40 per cent, is allowed if made from vinasse or wine). Denaturatioii was, 
however, allowed only for alcohol for making ether, collodion, mercury fuliiiiiiate, varnishes, 
photographic papers or artificial silk, or for use as fuel or iliuminant. In 1905, the tax 
of 12,5. was aljolished for denatured alcohol of any origin ('cereals, vinasse, etc.), althougii 
the expense of denaturant remains, this amounting sometimes to 2s. 6d. or more for about 
3 per cent, of the general denaturant (wood spirit, acetone, pyridine and benzene). 
Denaturanfs vary in different countries ^ but are always substances which are coloured 

Italian CEnological Agency, Milan, gives the alcoholic strength of wines or spirits with sufficient 
accuracy in three or four minutes. 

The following table indicates the volume of water to be added to lOO e.e. of alcohol of known 
strength in order to bring it to a definite lower concentration — 


Concen. 




Gl 

Tr.X .UC030L ii 





tration 

desired 

95 % 

! 00 '"'o 


wr' 

7' 

7" " 






by Yol. 

' by vol. 

by roi. 

by vul. 

Oy vmI. 

uy 

r.y vul. 

b\ -iul. 

by Yoi. 

by YoI. 

90% 

6-4 

1 









85 

13-3 

6-5() 









80 

20-9 

: 13-79 

6-83 








75 

29-5 

1 21-89 

14-48 

7-20 







70 

39-1 

3M0 

23-14 

15-35 

7-64 






65 

50-2 

! 41-53 

33-03 

24-6>6 

16-37 

S-15 





60 

63-0 

: 53-65 

44-48 

35-44 

26-47 

17-58 

8-76 




65 

78-0 

' 67-87 1 

57-90 

48-07 

38-32 

2S-63 

19-02 

9-47 



50 

95-9 

i 84-71 ! 

73-00 

73-04 

52 43 

41-73 

31-25 

20-47 

10-35 : 


45 

117-5 

105-34 

93-30 

81-38 

69-54 

57-78 

48-09 

34-46 

22-90 

11-41 

40 

144-4 

130-80 

117-34 

104-01 

90-76 

77*58 

64-48 

51-43 

38-46 

25-55 

35 

178-7 

163-28 

148-01 

132-88 

107-82 

102-84 

87-93 

70-08 

58-31 

43-58 

30 

224-4 

200-22 

188-57 

171-05 

153-53 

136-34 

118-94 

101-71 

84-54 

67-45 

25 

287-0 

: 266-12 

245-15 

224-30 

203-61 

182-83 

162-21 

141-65 

121-16 

100-73 

20 

381-8 

, 355-80 

329-84 

304-01 

278-26 

252-58 

220-98 

201-43 

175-96 

150-55 

15 

539-5 

‘ 505-27 

471-00 

436-85 

402-81 

368-83 

334-91 

301-07 

267-29 

233-64 

10 

859-0 

804-50 

. 753-65 

' 702-89 

652-21 

601-60 

551-OC 

500-50 

460-19 

399-b5 


c.c. of water to be added to 100 c.c. of the more concentrated alcohol. 


For example, if an alcohol of 90 per cent, by volume is to be diluted to 50 per cent, by volume, 
to 100 c.c. of the former must be added 84-71 c.c. of water. 

This Table is calculated from the formula : 


where v is the strength of the more concentrated alcohol, S its specific gravity. S' and F' the 
specific gravity and alcoholic strength required, and x the quantity of water to be added to 100 c.c. 



Dexatukaxts 

Ciudo 
wood spirit 

Crude 

pyndme 

Acetone 

Benzene 

1 Crude 

benzine 


per cent. 

per cent. 

per cent. 

per cent. 

1 percent. 

France 

7-5 

, — 

2-5 

— 

1 0-5 

Germany 

1-5 

0*5 

0-5 

— 


„ (motors) 

0-75 

0-25 

0-25 

2-0 

1 — 

Austria . . ' . 

3-75 j 

0-5 

1-25 

i — 

! — 

,, (motors) 

0-5 

traces 

traces 

2-5 

— 

Russia 

10-0 

0-5 

5-0 

— 

, — . 

Switzerland 

5-0 

1 0-32 

1 2-2 

1 — 

. 


In the United States methyl alcohol and pyridine are used, and, for special purposes, ether, 
cadmium iodide, ammonium iodide, etc.; denaturation has been allowed only since 1907. 

In France denaturation costs about 9 fr. (7s.) plus a fixed tax of 2-2 fr. per hectolitre, and 
VOL. n. 12 
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or of bad taste or smell and cannot be separated from tbe alcohol by any of the ordinary 
means (distillation, etc.), but which do not damage the alcohol for its industrial use. The 
denaturant should vary according to the use to which the spirit is to be put. There are 
hence in all countries a general denaturant (see preceding note) for alcohol as fuel, for 
motors, etc., and special deiiaturants. As colouring-matter, traces of crystal violet 
(hexamethyl-p-rosaniline hydrochloride) are used in Germany. Alcohol intended for the 
manufacture of ether, collodion, and artificial silk is denatured by the addition of ether 
and sometimes of a little acetone ; in Italy, for varnishes, 2 per cent, of wood spirit, 2 per 
cent, of light acetone oils, and 20 per cent, of a 50 per cent, solution of sealing-wax are 
used. It has also been proposed to use part of the stinking products obtained on distilling 
certain bituminous shales (see p. 103). 

The consumption of denatured spirit in different countries is as follows (thousands of 
hectolitres) : 



1905-6 

1908-9 

1909-10 

1910-11 

1911-12 

1912-13 

1913-14 

1914-15 

Italy 

. 36 

91 

95 

112 

109 

124 

143 

121 

France 

. 550 

630 

656 

676 

681 

724 

— 

— 

United States 

. — 

173 

477 

526 

530 

640 

— 


Austria 

. — 

— 

— 

363 

275 


— 

— 

Germany . 

. 1400 

1582 

1883 

— 

1574 

1720 

— 

— 

Norway . 

. ~ 

— 

— 

0*4 

— 

— 

_ 

— 


The consumption of alcohol as a fuel for engines and for illuminating purposes is des- 
tined to increase rapidly in competition with petrol, which is continually rising in price 
(see p. 86). In all countries, more especially France and Germany, experiments have 
been made on the improvement of apparatus for the generation of light, motive power, 
and heat by means of alcohol or of suitable mixtures of alcohol with petrol or benzene. 

Alcohol engines are still imperfect, and would give better results if the pressure could 
be increased, the distribution improved, and suitable arrangements devised for super- 
heating and for starting. Existing petrol motors may, however, be worked with a mixture 
of alcohol, ether, and hydrocarbons in such proportions that^they are mutually soluble. 

Commercial benzene (85 per cent, benzene, 14 per cent, toluene, and 1 per cent, xylene) 
is highly soluble in 90 per cent, alcohol, and 60 vols. of petrol require 40 vols. of 95 per 
cent, alcohol for solution. Hence 95 per cent, alcohol must be prepared, 100 vols. of it 
dissolving 900 vols. of benzene and 150 vols. of petrol. If benzene were too dear (this 
will not be so for many years) use could be made of ether if its price were only 7 to 8 per 
cent, above that of alcohol; with ether, ordinary lamp oil would remain dissolved. A 
good mixture for engines, distinguished in France by the letters E.H.A., contains 65 per 
cent, of 95 per cent, alcohol, 10 per cent, of ether, and 25 per cent, of hydrocarbons (benzene 
and petrol ; the latter facilitates evaporation of the alcohol at a low temperature and the 
ether aids in the starting of the cold engine) and has the calorific value 5850 cals, in 
comparison with over 10,000 for petrol. ^ 

In the United States, de Keghel has prepared a carburetted alcohol by distilling 60 kilos 
of 93 per cent, alcohol in presence of 23 kilos of wood-tar or masut and 17 kilos of coal, 
with or without addition of small amounts of pyridine materials. The alcohol distilling 
over carries with it various hydrocarbons from the tar or masut and extracts others from 
the coal, 66 kilos of carbui’etted 90 per cent, greenish-yellow alcohol already denatured 
being obtained; this is redistilled after neutralisation with phosphoric acid. 

In 1911, denatured 90 per cent, alcohol cost 465. per quintal in Italy, whilst in Germany 
in 1909 it cost only about half this, namely, 25 marks (shillings) per hectolitre (after 1909, 


the Government makes a rebate of 9 fr. In Germany it costs only 2 marks (shillings), since 
much less, although sufficient, denaturant is added. In Italy denaturation is possibly excessive 
and too expensive. 

^ ^ automobile weighing 1200 kilos, on a journey of 174 kiloms. (109 miles) at 30 kiloms. 
(19 miles) per hour, consumed 11-3 litres of alcohol; under similar conditions, 10 litres of petrol 
are required. For an 8 h.p. car, 350 grams of alcohol or 500 of petrol are used per h.p. 
hour. For automobiles and explosion engines in general, the Paris Omnibus Company uses 
alcohol mixed vith 50 per cent, of benzene, this giving a better thermal efficiency (34 per cent.). 
A domestic 25-candle lamp with an Auer mantle uses about 2*36 grams of alcohol per candle- 
hour. The use of alcoJiolene, a mixture of alcohol and ether, has now been proposed, and from 
a technical standpoint presents advantages over alcohol alone and also over other mixtures. 
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with the new tax, 48,9.), in Austria 265., in Switzerland 245, ''retail], in Belgium 255 ., and 
in France 325.^ 

STATISTICS AND FISCAL REGULATIONS. The alcohol industry owes its great 
development to the enormous luse made of alcohol in numerous manufactures, and the 
chemical industries of a country in which relaxation of the ordinary fiscal duty does not 
render this possible are at a disadvantage compared with those of countries where alcohol, 
after denaturation, is procurable tax-free. 

The production, importation, and exportation of alcohol in various countries are as 
follows (thousands of hectolitres, calculated anhydrous) : 




' 1005-6 

irf0?-9 


1010-11 

1011-12 

1912-13 

' 1013-l-i 

1914-15 

Germany 

prod. 

4,020 

4,263 

3,647 

3,473 

3,451 

8,750 





exp. 

194 

10 

12 

— 

■— 

— 

i — 



imp. 

— 

— 


— 

— 

— 

j — 

— 

Austria-Hun- 

] prod. 

2,700 

2,650 

1,765 

2,086 

1,804 

1,989 

— 

— 

gary 

- exp. 

— 

— 

— 

— 

— 

— 

i — 

— 

1 imp. 

— 

— 

— 

— 

— 

— 



Russia 

prod. 

4,500 

— 

_ 

— 

_ 

5,5S0 


— 


exp. 

— 

— 

— 

— 

— 

— 

— 

— 


imp. 

— 

— 

— 





— 

— 

— 

1 United States prod. 

2,900 

2,700 


— 


3,650 




exp. 

— 

— 

— 

— 

— 

— 

— 

— 


imp. 

— 

— 

— - 

— 

— 

— 

— 

— - 

France 

prod. 

2,700 

2,428 

2,392 

2,182 

2,987 

2,596 

— 

— 


exp. 

— 

— 

— 

— 

— 

— 

— 

— 


imp. 

— 

— 

— 

— 

— 

— 

— 

— 

Great Britair 

prod. 

1,284 

— 

1,500 

— 

_ 

— 

__ 



exp. 

— 


— 


— 


— 



imp. 

— 

35,300 

— 

— 

— 

— 

— 

— 

Holland 

prod. 

351 

— 



— 


— 

— 


exp. 

— 

— 

— 

— 

. — 


— 

— 


imp. 

— 

i 

— 

— 

1 — 


_ 

— 

Belgium 

prod. 

389 



__ 

■' — ^ 

— 

i 

1 — 


exp. 


~ ! 

__ 

— 

1 — 

— 

— 

— 


imp. 

— 

; ! 

— 

1 — 

; — 

— 

— 

j 

Sweden 

prod. 

200 

220 , 

— 

~ 

; 402 1 

451 

— 



exp. 

— . 

! - i 

— 

— 

1 

— 

— 

1 — 


imp. 

— 

12 : 

— 

, — 

' — * 

— : 



Norway 

prod. 

43-7 1 

— i 

— 

i 11-3 

1 __ j 

_ 

_ , 

— 


imp. 

7-3 1 

— i 

— 

30-5 

— 1 

— 

— 

— 

Italy . 

prod. 

293 

8002: 

419 

: 297 

260 

349 

372 1 

398 , 


exp. 

25 

59 

71 

! 95 

i i 

i 

220 ' 

__ 



imp. 

— 

— I 

— 

— 

, __ 1 

— i 

— 

— 

Denmark 

prod. 

154 

; j 


155 

j 


— 

— 


exp. 1 

— 


— 

1 — 

— ' 

j 

— 

— 

Switzerland 

prod, i 

— 

— 1 

— 

i 54 

57 1 

53 

— 

-- 


imp. 1 

_ 

1 — 

— 

130 

112 j 

129 


i __ 

Turkey 

prod, i 

— 

1 _ 

1 

— 

— 1 

— 

“ 1 



exp. 

— 

— 

— 

— 

— j 

— : 

— 

— 


imp. i 

— 

175 

— 

— 

— ! 


j 


Bulgaria 

prod. 1 

— 

1 

— 

27 

45 ; 

— 

— 

— 

Whole world 

prod. 1 

1 

21,000 i 

— 

; — 

— 1 

s 

i 

— 

— 


When, after the European Wax, the State monopoly of alcohol was mooted in Italy and 
Trance, the producers advised the respective Governments to lower the price of power alcohol 
to £1 per hectolitre so as to render advantageous its use on a large scale for motive power, lighting 
and heating, any loss being counterbalanced by an increase in the price of potable alcohol. 

^ This exceptional production corresponds with the famous cognac year {see Note, p. 181). 
The output was 80,000 hectolitres in 1878, 165,000 in 1888, and 187,000 in 1898-1899. 
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For every 100 litres of alcohoi consumed as beverages the following amounts are used 
for industrial purposes : 54 litres in Germany, 19 in Austria, 18 in France, and 14 in Great 
Britain. These figures indicate the countries most addicted to alcoholism (see p. 184). 
The importation and exportation of alcohol for Italy are as follows (hectolitres ) : 



1905 

1908 

1910 

1911 

1913 

1915 

1917 

Spirit in cask |g^p* 

2,508 

19,688 

822 

31,756 

641 

•28,604 

647 

2,067 

624 

4,476 

133 

137,715 

9,853 

485 

Cognac, casks f imp. about 
and bottles (^exp. „ 

1,330 

940 

1,460 

300 

1,500 

4,250 

1,200 

1,420 

1,175 

715 

265 

6,600 

690 

170 

Sweetened and ] . 
spiced spirits, ” 

casks & bottles] ” 

3,145 

18,540 

1 2,940 
38,540 

3,974 

46,815 

2,480 

33,600 

2,420 

25,600 

980 

22,300 

555 

6,690 


The alcohol produced in Italy is obtained from the following raw materials (the numbers 
represent hectolitres) : ^ 



Cereals 

Molasses 

Beet 

Wine 

Vinasse 

Bruit, etc. 

Campaign of 1904-5 . 

90,000 

72,600 



59,000 

83,000 

1,725 

„ „ 1908-9 ; 

— 

— 

_ 

— 

128,883 

— 

„ „ 1910-11 . 

64,934 

154,195 

8,857 

16,436 

46,698 

5,520 

„ „ 1911-12 . 

59,865 

125,538 

9,653 

1,251 

57,848 

6,330 

» „ 1912-13 . 

112,143 

141,609 

22,942 

2,941 i 

62,341 

7,155 

„ „ 1913-14 . 

561,390 ! 175,784 

31,075 

10,281 

88,062 

10,246 

„ „ 1914-15 . 

129,994 

177,496 

13,214 

10,849 i 

1 

72,622 

10,785 


^ In 191.3 there were in Italy 26 large distilleries using starchy substances, molasses, beet 
and dried grapes and 2673 using fruit, wine, vinasse, honey, etc. In 1904-1905 the spirit dis- 
tilleries consumed 23,400 tons of maize, 600 of durra, and 1700 of barley, rye, millet and rice ; 
also 28,000 tons of molasses and 6300 of other materials. To these must be added 575,000 
hectolitres of wine, 260,000 tons of vinasse, and 1370 tons of fruit. 

In 1908-1909, 368,000 tons of vinasse containing 3 to 4 per cent, of cream of tartar and 
about 4 per cent, of alcohol were treated ; the mean production of vinasse is 800,000 tons. 

In Italy there are three sugar works which also make alcohol (in 1911-1912 about 75,000 
hectolitres of molasses) and one factory at Cavarzere (Venetia) winch obtains alcohol directly 
fi'oni the beet (4000 hectolitres in 1911-1912). In 1911-1912 the distilleries of the Italian 
Distilling Company (at Milan, Savona, Padua, etc.) produced 25,000 hectolitres from cereals; 
the Corradini Distillery of Leghorn produced 10,000 hectolitres from cereals and the firm of 
Schiapparelli of Turin, 8000 hectolitres. 

In the United States spirit distilleries consumed 1,270,000 tons of maize and about 100,000 
tons of molasses (besides about 5000 tons of molasses for rum ) in 1912. 

In 1912-1913 there were in the United States 398 (in 1911*-1912, 417) grain distilleries, 
22 (18) molasses distilleries, and 450 (386) fruit distilleries, the materials used being 11,000,000 
(i2,00p,000) hectolitres of grain giving almost 6,000,000 hectolitres of whisky, and 2,300,000 
hectolitres of molasses giving 1,000,000 hectolitres of whisky. Further 130,000 hectolitres of 
molasses were used to make 103,000 hectolitres of rum, while 300,000 hectolitres of fruit spirit are 
also produced. 

In Germany 80 per cent, of the alcohol comes from potatoes (the cultivation of which occupies 

3.300.000 hectares out of a total cultivated area of ^6,000,000 hectares ). In 1911-1912 the output 
was 3,451,000 hectolitres of spirit, the materials used being : 1,866,626 tons of potatoes (2,620,000 
tons in the previous year), 508,737 tons of grain, 49,100 tons of other starchy substances, 82,360 
tons of molasses, 193,701 tons of beer residues, 336,000 tons of fruit, 324,000 tons of wine and 
vinasse, and 35,600 tons of yeast and fermentation residues. 

In 1912, 150,000 hectolitres of alcohol were used in Germany to manufacture vinegar, 3300 for 
lead acetate, 36,500 for celliiloid, 5500 for pegamoid, 32,500 for esters, 2100 for photographio 

AAA dyestuffs, 225 for chloroform, 208 for iodoform, 4200 for coloured lacquers and 

32.000 for other lacquers, 2650 for solid soaps, etc., and 5641 for scientific purposes. 

1,000,000 hectolitres of alcohol were consumed in 1910, the distilleries emplovinff 
4500 workpeople. i & 

Jn Austria 60 per cent, of the alcohol made is obtained from potatoes, about one-half of the 
Austrian output being furnished by Galicia, where there were 900 distilleries in 1911. In 1912 
about 29,000 hectolitres of alcohol were converted into vinegar. 

In France alcohol was protected by a Customs’ duty of £2 165. per hectolitre before the 
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Tn Italy the tax for manufacturing alcohol "was 21.9. per hectolitre at 100 per cent, in 
1871, £4 in 1883, £6 in 1885, and £7 4s. in 1887 ; to this the sale-tax of £2 Ss. was added 
in 1888 (so that the consumer paid about 23 pence per litre in taxation alone 1) ; the sale-tax 
was aboiisdied in 1904. A rebate of 90 per cent, of the tax is made on exported alcohol 
(added to marsala, vermouth, etc. ). In 1 003 alcohol obtained by distilling wine and vinasse 
and destined for industrial use was exempted of all taxation, and to alleviate the crisis in 
the wine industry it was proposed, but in vain, to grant a substantial bounty to the distillers 
of wine and vinasse. In 1911 the tax was raised to £10 16.9. per anhydrous hectolitre at 
15-56% in 1914 to £13 45., and in 1919 to £20. 

In other countries also, modiheations have been made during the past few years in the 
fiscal regulations regarding alcohol, for the pui-pose principally of increasing the revenue.^ 


European War. In 1910 the output of 2,182,074 hectolitres of industrial alcohol was obtained : 
21*6 per cent, from cereah, 23-5 per cent, from molasses, and 54-9 per cent, directly from beet; 
420,000 hectolitres of potable spirit were made from -srine. In preceding years the quantities of 
alcohol (hectolitres) obtained from different materials were as follows : 



From starciiv 

Fiom 

From 

F rnm 

Fri/in 



mattors 

moIuS::tS 

Leotrorc 

VTi.'Ji 

cider 


1885 . 

567,768 

728,523 

465,451 

23,240 

20,908 

1,864,514 

1897 . 

484,037 

734,819 

708,484 

83,719 

26,570 

2,208,140 

1901 . 

269,074 ^ 

1,006,033 

578,628 

330,968 

115,220 

2,437,964 

1904 . 

380,710 1 

626,722 ■ 

992,140 

88,509 

— 

2,181,362 

1908. 

302,500 

1 448,000 

1 

1,260,000 

408,000 

— 

' 1 about 
i 2,600,000 


In 1911 1,073,628 hectolitres of alcohol were obtained from I'oet and in 1012, owing to the 
smaller beet crop, 1,014,690; 510,400 hectolitres were made from molasses in 1911 and 465,123 
in 1912. 

In Russia 50 per cent, of the alcohol is derived from potatoes, which grow well under the soil 
and climatic conditions prevailing there; the mean starch content of .Russian potatoes is 18 per 
cent., the limiting proportions being 11 per cent, and 22 per cent. 


France . • . 


Tax per 
hectolitre 
£ s. 

8 16 

Year 

1913 

rtctcuue 

£ 

15,978,312 

Germany . 


6 3 

1912 

10,145,612 

Great Britain . 


28 8 

1913 

18,595,435 

Austria-Hungary 


3 15 

1911 

4,477,373 

Belgium . 


16 0 

1912 

2,179,677 

Italy 


10 16 

1911 

1,658,080 

Spain 


2 4 

1913 

739,757 

Netherlandfs 


15 0 

1911 

3,299,664 

Sweden 


5 16 

1913 

1,288,992 

Norway . 


13 6 

1913 

288,000 

United States . 


9 16 

1911 

32,182,061 

Switzerland 


Monopoly 

1912 

289,965 

Russia 


Monopoly 

1911 

163,50 1,81 2 
\ 83,534,009 

In Italy the revenue from the alcohol tax has amounted to ; 


lOOG 1907 

190S 

1909 

1910 

1912 

£1,556,004 1,206,053 

575,902 

954,320 

1,546,768 

1,917,512 


1914 

1,315,457 


In Germany the manufacturing tax of ordinary- non-denatured alcohol varied prior to 1909 
from 64s. to 72s. per hectolitre, tMs being entirely repaid on exported alcohol, which in certain 
cases also enjoyed a bounty of 9s. Before 1909 the tax -w’as ba.^ed on the volume of the wort, 
so that all distillers tried to work with concentrated w'orts (up to 25“ Brix). UsTowadays the 
payment is made on the volume of anhydrous alcohol produced, and the tax varies according to 
the production, which is established every ten years for each factory {coniingent production.). 
On this contingent quantity the taxis 105 marks (shillings) per anhydroii.s hectolitre, excess pro- 
duction paying 125 marks. There are then supplementary taxes of 4 to 14 marks to protect the 
small factories, so that a hectolitre of alcohol, costing of itself 28s. to 32.9., costs, with taxes, £7 4.s. 
to £8 85. The (^rman Government received about £8,000,000 in alcohol taxes in 1908-1909 and 
expect in the future to raise this to £14,000,000. The increase in the tax for niilitaiy expenditure 
wa^ opposed by the socialists and clerical party with abstinence propaganda, and the consumption 
of alcohol fell in 1909-1910 by over 600,000 hectolitres. _ After 1909 the tax amounted to about 
375. for ordinary, and 195. for denatured, spirit, and was increased still further later ; as a result 
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UTILISATION OF DISTILLERY RESIDUES. All the components of the prime 
materials used in the production of alcohol are found (excepting the carbohydrates : starch 
and sugar) in the residues (grains, spent wash) left after the distillation of the alcohol. 

These residues formerly formed inconvenient refuse (1 ton of grain gives 60 hectolitres 
of residues), since they readily undergo putrefaction and, if discharged into rivers' or canals, 
contaminate the water. In exceptional cases, when the distilleries are in large agricultural 
centres, the residues are used in the wet state for cattle-food, but more commonly they are 
evaporated and dried, these dried grains being highly valued as a concentrated fodder, rich 
in proteins ^ and having a restricted (1 : 3 to 1 : 5) nutritive ratio (ratio between nitrogenous 
and non-nitrogenous substances).^ In the fresh residues two -thirds of the part which is 
not water is dissolved and the remaining third suspended in the water. Potatoes give 
about 10 per cent, of dried residue, malt about 40 per cent., and maize 45 to 50 per cent. 

It wiU hence be understood how distilleries have greatly increased the raising of cattle 
and consequently production of stable manure, thus contributing to the fertilisation of 
lands formerly unfertile. 

The economics of the drying of these residues has always constituted a difficult problem 
owing to the presence of more than 90 per cent, of w^ater in which part of the nutritive 
products is dissolved and to the fact that the dried residues sell at £4 to £5 IO5. per ton. 
In many cases the liquid portion is abandoned and the solid part separated by filter-presses 
or centrifuges, but if the liquid part cannot be got rid of, even after addition of lime, ferrous 
sulphate, etc., it is best to evaporate it by means of the hot fumes from the flues, the opera- 
tion being hastened with disc-stirrers of large surface and with fans. The evaporation 
is sometimes carried out in a vacuum apparatus {see Sugar) furnished with stirrers, by 
which means a marked economy in fuel is effected {see also Vol. I., pp. 563 and 568). 

Of the various drying systems (Hatschek, Meeus, Porion and Mehay, Venuleth and 
Ellenberg, Theisen, Biittner and Meyer, etc.), we shall deal only with that of Donard and 
Boulet, w'hich has been applied with advantage in France and recently also in Italy. 

The solid residue from the filters or centrifuges (perhaps mixed with the evaporated 
residue of the liquid portion), still containing more than 50 per cent, of water, is carried 
by mechanical transporters into the vacuum drying apparatus (Fig. 151), consisting of 
a horizontal cast-iron cylinder rotatable about a hollow axis through which the steam 
enters or issues ; its length and diameter are 2-5 metres. Inside are a number of tubes 
(heating area about 60 sq. metres) into which steam is passed from ZJ^the condensed 
water being discharged without coming into contact with the mass to be dried. At the 

the consumption of industrial spirit, which had risen from 0-32 litre to 2*3 litres per head, dimin- 
ished in 1912 to 1-3 litres per head per annum, while that of spirits fell from 6-2 litres to 3 litres in 
1912. Potato spirit is made in 6400 large factories, that from cereals in 730 large and 6600 small 
factories, that from molasses in 27 special distilleries, and that from wine, fruit, and yeast in about 
60,000 small distilleries. In Germany, besides the concession of untaxed denatured alcohol to all 
industries, non-denatured alcohol is*^ also allowed free of tax to scientific lahoratories and for 
medicinal uses and military explosives. The alcohol of spirituous beverages imported into 
Germany pays a Customs’ tax of about £14 I65. per quintal, hi Great Britain the spirit duty 
amounted to about £30,000,000 in 1907. 

In France alcohol for drinking pays a tax of £10 per hectolitre, whilst industrial spirit is 
untaxed (as in Germany), and is sold at about 4*5 pence per litre. 


AVEBAGB PEKCENTAGE COMPOSITIONS OF THE PRINCIPAL RESIDUES 



Beetroot 

Potato 

Rye 

Maize 

Durra 

Barley 


Liquid 

Dried 

Liquid 

Dried 

Liquid 

Dried 

Liquid 

Dried 

1 

Liquid Dried 

1 

Liquid! Dried 

Water 

91-0 

10-12 

94-0 

8-10 

91*0 

10-12 

90*6 

10-12 

90.3 

10-12 

75*0 

14*0 

Proteins . 

0-9 

6-7 

1-3 

18-24 

1*9 

22-28 

2*0 

24-26 

2-0 

24-26 

4*0 

20*0 

Non - nitrogenous ] 
matter j 

7-3 

60-65 

2-6 

45-55 

5*2 

48-52 

4*9 

35-40 

5*1 

30-34 

10*0 

46*0 

Patty matter . 

— 

1-3-P6 

0-2 

3-4 

0*3 

5-6 

1*0 

12-16 

0*7 

12-14 

1*7 

7*0 

Cellulose '1 

0-9 1 

/ 13-15 

0-9 

9-11 

1*0 

5-7 

1*0 

10-12 

1*1 

14-16 

6*0 

16*0 

5*0 

Ash / 

1 10-12 

0*5 

1-2 

0*6 

4-6 

0*5 

5-6 

0*8 

7-S 

1*3 


2 '^ov fodder, the nutritive values of the proteins, fats, and digestible non-nitrogenous substances 
are in the proportions 3 ; 2 : 1, so that the commercial value of a fodder, expressed in nutritive units, 
is given by : nitrogenous substances X 3 + fatty substances X 2 non-nitrogenous substances, 
given by the percentage composition of the digestible components. 
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other end, by means of the perforated axis, G', the interior of the cylinder eomnnmicates 
with a double-action exhaust pump to carry away the Tapoiir from the grains which are 
heated in a vacuum of 700 mm., w^hile the cylinder slowly rotates (three turns per minute i. 
The charge consists of 21 to 3 tons of solid grains, which are dried (to 15 per cent, moisture, 
it then keeping well) in less than four hours, the coal consumption being about 150 kilos. 
By thus drying at a relatively low temperature (in a vacuum) and out of contact with air, 
the oil of the grains does not become rancid. 

Since maize-grains contain as much as 15 to 18 per cent, of fat, it is sometimes con- 
venient to extract them in one of the forms of apparatus described in the section on Fats. 

Special intercvSt attaches to the residues from Molasses and Beet, since these contain 
special nitrogenous compounds (amino-acids) and a large proportion of potassium salts 
utilisahle for fertilisers or for chemical products. The evaporation of the liquid part of 
these residues may he carried to a certain stage (11® Be. in the hot or 14° in the cold) in the 
ordinary vacuum plant, the mass being subsequently completely evaporated and the residue 
calcined in suitable furnaces (Porion model in France and Belgium) which are similar to the 
reverberatory furnaces or muffles used in the preparation of sodium sulphate (see Vol. T., 
p. 1/4). Care must be taken not to fu.se the mas.s, which, when discharged, should still be 



Fig. 151. 


carbonaceous and, indeed, sufficiently so to cause it to burn when placed in heaps outside 
the furnaces ; the gi’eyish or blackish mass thus obtained is known in France as scflin [see 
Vol. I., p. 545; process for recovering pure potassium carbonate).^ 

By this treatment, however, all the nitrogen compoimds are lost, but in some cases these 
are used for the extraction of methyl chloride {see p. 116). 

During recent years the utilisation of these nitrogenous substances has assumed great 
importance : according to the Effront patents (1907), the amino-acids are utilised by 
enzymic processes ^ for the preparation of organic acids and ammonium sulphate (witk 

^ A sample from an Italian distillery showed the following percentage composition : vrater, 1 1 ; 
insoluble matter (carbon, sand, etc.), 10; KgSO^, 9*5; KCl, 18; itjCOs, 43*7; NaoCOn, 6*5; 
potassium phosphate, 0*5. 

^ Ehrlich w'as the first to show that the fermentation of amino-acids is produced by amidascs. 
Ejffront^ (1908) found that amidases occur especially in top beer-yeasts and in aerobic yeasts 
which, in seventy-tw^o hours at 40° are able to transform, e. g., all the nitrogen of an alkaline 
asparagine [see this) solution, and almost all the nitrogen of the yeast itself into ammoniacal 
nitrogen, organic acids being formed at the same time. Use is made more especially of butyric 
bacteria (or those often occurring in the soil), which act in an alkaline medium. From 1911 to 
1914 the Effront process was employed in the Ke.sle (Somme) works with satisfactory results. 
The hot wash from the spirit rectifying column is cooled in large vessels (900 hectolitres) to 40° 
to 45°, neutralised with lime or crude potash and given an alkalinity of 15 to 20 c.e. of normal 
caustic soda per litre; a little colophony (aee note, p. 167) is added together with nutrient 
material for the bacteria, e. g.> 50 to 200 grams of aluminium sulphate and 10 to 50 grams of 
manganese and magnesium phosphates and chlorides iier hectolitre. A pure 5 to 7 per cent. 
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each hectolitre of alcohol produced correspond 25.kilos of ammonium sulphate and 35 grams 
of organic acids, principally acetic, propionic, and butjT^ic). Since 1902, the Dessau Sugar 
Befinery, and since 1904 the Ammonia Company of Hildesheim, have utilised the nitrogen 
compounds as potassium cyanide and ammonium sulphate. In 1907 the Ammonia Com- 
pany utilised 60 per cent, of the nitrogen of the residues, producing potassium cyanide 
to the value of £80,000 and ammonium sulphate to the value of £20,000. 


ALCOHOLIC BEVERAGES 1 

WINE. Only the liquid obtained by the spontaneous alcoholic fermentation of the 
must of fresh grapes, without any addition, should he called wine. The fermentation is 
spontaneous owing to the presence on the grapes of Saccharomijces cerevisUe. 


culture of butyric acid bacteria, already acclimatised to the concentrated wash is then introduced 
and a current'of air passed through the liquid for six to ten hours. Vigorous action then ensues 
with evolution of carbon dioxide and hydrogen, the whole of the organic nitrogen being trans- 
formed in three days into ammonia and"^ various proportions of trimcthylamine, acetic and pro- 
pionic acids, considerable amounts of butyric acid, glycerol and tartaric, citric and succinic acids, 
etc., as potassium salts. The Nesle works obtains per hectolitre of 100 per cent, alcohol, 30 kilos of 
ammonium and trimethylamine sulphates, 30 kilos of fatty acids, 4 kilos of succinic acid, 2-5 
kilos of malic, citric and tartaric acids, 2 to 4 kilos of glycerine, and 30 kilos of potassium sulphate. 
Vlien this mixture is rendered distinctly alkaline and distilled, the trimethylamine and ammonia 
arc evolved, these being passed over a mixture of ammonium and trimcthylamine sulphates. In 
tliis way the gaseous ammonia displaces the trimethylamine from its sulphate, fonning ammonium 
sulphate, the trimethylamine liberated being either fixed by passing it into water, or sent through 
a tube heated to 1000® and thus transformed into hydrocyanic acid (from which cyanides are 
made) and methane. The alkaline residue left in the distilling vessel is acidified with sulphuric 
acid and the volatile monobasic acids (acetic, butyric, etc.; the dibasic acids and the glycerol do 
not distil) together with water distilled off; to the distillate is added anhydrous aluminium 
suli)hate to absorb the water (which cannot be separated by distillation), the insoluble acids thus 
separated being rectified. 

In the Nesle works 600 kilos of acetic acid and 1000 kilos of butyric acid were produced per 
day in 1914. The glycerine, dibasic acids and potassium sulphate were recovered by evaporating 
the residue to drjmess. These works were closed in 1914 owing to the nauseous odours emitted. 

^ The average annual consumption per head in litres of absolute alcohol in the form of different 


beverages is as ioUows ; 

Beer 

Wine 

Spirits 

Total 

Germany 

Austria-Hungary 

4-8 

0-66 

4-1 

9-5 

1-7 

2-1 

5-1 

8-9 

France . 

1-3 

17*5 

3-5 

22-3 

Great Britain 

8-3 

0-2 

2-3 

10-8 

Belgium . 

8-7 

0-6 

3-7 

13-0 

. Denmark 

2-6 

— 

7-0 

9-6 

Sweden . 

2-3 

0-06 

3-9 

6-26 

Russia 

0-2 

— 

2-5 

2-7 

United States 

3-4 

0-28 

2-7 

6-38 

Italy 

0-1 

12-0 

2-0 

14-1 


In Sweden 27 litres of alcohol in the form of spirits were consumed per inhabitant in 1 830. Li 
Italy the consumption was 6-5 litres per head in 1874 and 10-23 litres in 1898. Li Norway the 
consumption of spirits, which was 40,000 hectolitres in 1864, fell to 15,000 in 1910, hut increased 
in 1911. 

The abuse of alcoholic beverages is leading to the ruin and decadence of certain nations, since 
it is largely the cause of depopulation and produces actual decay of the human organism. Alco- 
holism produces a diminution in stature, as is shown by the increased numbers of those unfit for 
military service ; it quickly leads to crime and folly, and renders the organism easily attackable 
by all kinds of disease, its effect being felt to the third generation. 

Alcohol acts as a poison which fiist excites and exalts, then intoxicates and depresses the 
psychic faculty more or less permanently. The abuse of wine and spirits is the real cause ofmuch 
intestinal catarrh and of certain visceral lesions, and sometimes leads to chronic nephritis heart- 
injury, enlargement and inflammation of the liver, hepatic cirrhosis, cerebral apoplexy, procuress! ve 
paralysis, and often to madness. r » 

Among the industrial classes it is thought that alcohol warms, prevents cold, and gives o-reater 
strength during work, but this is a great error based on appearances. Almost as soon as it is 
swallowed, the alcohol of wine and spirits is absorbed by the blood by means of the capillaries 
and brought into contact with all parts of the organism; the nervous centres are then more or 
less paralysed, and the numerous capillaries under the skin dilate, since an increased amount of 
blood rushes to the skin itself. The drinker has, indeed, a red face, but the sensation of great heat 
is only superficial; if the surroundings are cold, the heat of the body is more easily dispersed 
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In many districts the fermentation is carried out on rational lines, selected yeasts being 
employed to impart the taste and aroma of wines of definite types. 


This explains vdiy drunken men, sleeping on the roads in the winter, quiekty die of cold. Nansen, 
the faraoii> Polnf explorer, uith^tood temperatures below zero uithoiit using alcoholic liquor.-. 

The International Congress on Industrial Diseases, held at Milan in 1906, ""declared that the 
u.«e of alcohol “ is imnecessary for the nourishment of the workman, and becomes harmful where 
the work is hearj- or long. As regards useful efiects in the food rations of the worker, alcohol 
may be advantaseoiisly replaced by sugar, coffee, and tea." Alcohol may diminish the using-up 
of fat ill the organi-in and hence the consumption of proteins, but as a food it is tcit costly and of 
little effect. Those accu.'-tomed to tvine and beer may use it in modemtion, although these bever- 
ages are of no adTanta.ge to the organism ; the use of spirits should be abolished and it should be 
made a crime to give spirits or even wine to children. 

During the last few yeans nlrohd-free wines have been prepared by crushing grapes from the 
best vineyards and subjecting the must to filtration and pasteurisation (heating to 60®) so as to 
render it clear and to prevent fermentation ; the wine is then stored in hermetically sealed, sterilhed 
bottles. These wines retain the taste and fragrance of the gmpe and have considerable nutritive 
value, since the sugar of the grape remains unchanged (15 to 20 per cent.). 

Alcohol also has a harmful effect on the reproduction of man, this explaining the slowness 
or the absence of increase in population of nations eon.suming much alcohol; as in France, w'here 
£6,000,000 was spent in 180S on so-called aperitives (absinthe, bittern, etc.) alone. In Great 
Britain £60,000,000 is spent annually on spirit^, and even in Switzerland £6,000,000. Iq 1913 
England alone spent £140,000,000 on alcoholic beverages, Scotland £16,000,000 and Ireland 
£14,000,000, the average being £3 12?. per inhabitant ; the number of public-houses w'as 141,000 
(1 for 330 persons), "in the same year there were 304,400 police-court cases of drunkenness, 
2802 men and 2074 women dying of alcoholism, which abo caused 3605 suicides and 2488 
attempted suicides. Drink causes the direct or indirect death of about 45,000 people annually 
in France, 40,000 in Germany, 50,000 in England, 20,000 in Belgium, and 100,000 in Bussia. In 
Italy, L. Ferriani stated that 627 cases of death in 1904 were e\idently due to acute alcoholism. 
Dr. Marambat affinns that in France 72 per cent, of the criminals and 70 per cent, of the individuals 
(121,688) appearing annually before the courts make excessive use of alcoholic liquors. In Ger- 
many. A. Baer found that 41-7 per cent. (13,706) of the prisoners (32,837 j were addicted to drink ; 
in Switzerland, it is 41 per cent., and in England, 33 per cent, of those sentenced at the Assizes. 
In Holland, four-fifths of the crime is attributed to alcohol, and in Sweden three-fourths. Similar 
figures to the above have been given for Italy. Jn various countries it has been found that 
25 per cent, of the lunatics are excessive alcohol drinkers.’ In the Salpetriere Hospital of Paris, 
60 out of 83 babies afflicted with epilepsy had alcoholic parents. In (llermany, 30,000 persons are 
attacked every year by alcoholic delirium and other cerebral disturbances due to abuse of alcohol. 

Alcoholism in Germany was a national calamity as early as the fifteenth and sixteenth 
centuries, when to the enormous consumption of beer was ad'ded that of brandy and, later, of 
cereal and potato spirit. After the eighteenth century, when the production of cereal and potato 
spirit became a great industry, their consumption as beverages increased enomously. In 1905 
the annual expenditure for alcoholic drinks amounted to 47-?. per head, or £8 for every person 
over fifteen years old, making a total of £120,000,000 for the whole of Germany, dr about 
£80,000,000 for the working classes, corresponding with 12 per cent, of their wages. *" Everj’ year 
there are 200,000 cases of inebriety, and 75 per cent, of the crimes against the person are the result 
of drunkenness. The question of alcoholism is closely connected with the social problem, as it 
is especially among the working classes and the ignorant and ill-nourished that the victims are 
found. 

Abstainers are less liable to illness and usually live longer, as is showui by the following statistics. 
The Tables of the Sceptre Life Association for eleven years (1884-1894) show^ that the mortality 
in the temperance section (abstainers) was 57 per cent., and that in the general section (non- 
abstainers ) 81 per cent. In times of epidemics nine out of ten non -abstainers die and only tw^o out 
of ten abstainers. 

The introduction of the alcoholic tendency into Africa, as a result of colonisation, WTou^tsuch 
havoc among the natives that the International Congrasses against Alcoholism held in Brassels 
in 1899 and 1906 adopted various prohibitive and fiscal measures to save the black race of Africa 
from the terrible plague. Many remedies for alcoholism have been proposed, but singly they are 
almost all inefficacious, though more useful if combined. 

Increase of the price of drink and diminution of the number of shops have proved almost 
useless in France, Belgium, and England. In England, however, the latest increase in taxation 
has diminished by one-third the consumption of spirit ; the amount of beer dnmk has fallen from 
31 '4 to 25-8 litres per head per annum, w'hilst the consumption of tea and wine has increased. 
In the United States the enormous taxes on alcohol have not diminished the consumption of 
liquors. Sw^eden has obtained good results by making a State monopoly of alcoholic drinks, by 
granting licence to sell only to trustworthy persons, by giving them special facilities for, and 
large profits on, the sale of other beverages and of food, by abolishing profit on alcoholic drinks, 
and by making the licensees responsible for eases of drunkenness on their premises. This example 
has been partially followed in America and England, and many temperance associations have 
helped by opening establishments where good food and drink are obtainable at low prices, alcohol 
beino* banned. £ the United States from 1920 onwards the manufacture of any alcoholic drink, 
including wine and beer, will be prohibited, so that the grapes (250,000 tons per annum ) of the 
prolific Californian vineyards will be used to make alcohol-free wine, syrups, Jams, etc. Another 
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- . _ fiusi has the sp. gr. 1-08 to 1-10 and contains 70 to 86 per cent, of water, 16 to 36 
per cent, of sugar (glucose and levulose, which reduce Fehling’s solution) ; 1 to 3 per cent, of 
cream of tartar, tartaric, malic, and tannic acids ; 04 to 1 per cent, of colouring, aromatic, 
extractive, gummy, and protein substances, and mineral salts. If the musts have to be 
transported over long distances, either they are concentrated in a vacuum or by freezing, 
or the fermentation is interrupted for a time by filtering them. One ton of grapes gives 
600 to 700 litres of must and 300 to 350 kilos of unpressed or 160 to 200 of pressed residue 
(marc). 

By fermentation in open vats the sugar is transformed, more or less completely, in 
seven or eight days into alcohol, large quantities of carbon dioxide being developed and 
a little glycerol, succinic acid, etc., always being formed. With more than 25 per cent, 
of sugar, siceet wines are obtained, and with less, dry wines. Fermentation cannot yield 
more than 15 to 16 per cent, of alcohol, as \vith more than this proportion the yeast dies. 
After the principal fermentation, when the wine, without the marc, is placed in casks 
of chestnut or oak, a slow fermentation goes on, this ceasing in the winter ; with increase 
in the alcohol-content and lowering of the temperature, the yeast and part of the tartar 
(slightly soluble in alcoholic liquids ) are deposited. In the spring, the clear wine is decanted 
into clean (sulphured ? ) casks, which are kept full. It may now be placed on the market, or 
it may be further matured by clarifjdng it in the cask (by shaking with albumin and a little 
tannin and allowing to stand) and by decanting and filtering it several times during the 
course of a year or more before placing in well-cleaned bottles ; the latter are corked by 
machinery with paraffin-waxed corks. As time goes on, the wine acquires a pleasing aroma 
owing to esterification of small quantities of the alcohol, this process being hastened some- 
times by ^asteurisatim, which consists in passing the wine rapidly through coils heated to 
about 60® ; this treatment also arrests certain incipient diseases, which would otherwise 
end by spoiling the wine (acidity, etc. ). Sparkling wines are obtained by saturating the cold 
wine vith carbon dioxide during bottling or by bottling sweet wines, the fermentation of 
which continues slowly in the corked bottle ; in the latter case, however, a deposit forms at 
the bottom of the bottle. 

In order to obtain wines of constant type on a large scale, co-operative wineries have 
been recently instituted in France, these collecting the grapes or must from a whole district, 
mixing it and preventing it from fermenting by saturating it in the cold with sulphur 
dioxide (70 grams liquid SOg per hectolitre) ; in this way, not only the yeasts, but also 
the moulds, bacteria, and unpleasant odours are destroyed and the must can then be kept 
for months in closed vessels. When part of the must is to be converted into wine, it is 
heated at 50° to 60° in a vacuum by allowing it to pass down a kind of rectifying column 
(Bar bet, Ger. Pat. 195,235, 1906), the sulphur dioxide thus removed being recovered; 
selected yeast or other wine rich in yeast is then added, the resulting wxnes being of uniforrn 
and improved character, although somewhat rich in sulphates. These desulphurated musts 
might well be used as non-alcoholic wines. There are also special yeasts capable of destroy- 
ing SO 2 in the musts and of starting fermentation. In Italy much was said in favour of 
co-operation in 1909 and 1910, but no trial has been made on a large scale. 

The proportions of the most important components of wine vary between wide limits, 
owing to va-riation of the vines, soil, climate, system of wine-making, and season (certain 
wines contain manganese, sometimes as much as 27 mgrms, per litre). 

It is hence difficult to ascertain if there has been an artificial addition of constituents 
similar to those naturally present in the wine, so that considerable dilution with water and 
addition of alcohol, glycerol, tartar, sugar, etc,, are not easy to detect if they do not exceed 
such limits. Natural wines may contain 8 to 16 per cent, of alcohol, 1-6 to 4 per cent, 
(for dry mnp, and as much as 20 per cent, or more for sweet wines ) of dry extract (obtained 
by evaporating a definite volume to dryness on a water-bath and drying in an oven at 100°), 
0-5 to 1-5 per cent, of various acids and tartar (expressed as tartaric acid)- and 0-15 to 045 
per cent, of mineral substances {ash, obtained by calcining the dry extract); the glycerol 


sgaiast alcoholism IS education and explanation of the evil effects of the habit ; 
bamcks, the streets, workshops, books, reviews, newspapers, advertisements 
an intelligent campaign be waged against alcoholic liquor which, as 
^kffistone said in the House of Commons, commits more slaughter in our days than the three historic 

f decimates more than famine and pestilence and hills 
more man war, and ts in all cases a disgrace often lowering man Mow the level of the hruie. 
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varies from one-seventii to one-fourteenth, part of the alcohol. Xaturally these variations 
are much smaller for vines of a certain quality and year and obtained from one and the same 
district, for which the results of numerous analyses have been collected. 

In Italy the following miniminn legal limits have been established as those which must 
be reached for a wine to be called natural (except in cases where genuine wines of the same 
origin and year are shown to give lower limits) : alcohol, 8 per cent, by volume in white 
wines, 9 per cent, in red; dry extract without sugar, 1*6 (white), 2-1 (red); total aciditj^ 
expressed as tartaric acid, 0-5 (white), 0*6 (red); ash, 0-15 (white), 0*2 (red); alkalinity of 
the ash (for nonplastercd wines) in cubic centimetres of normal alkali per litre, 11 (white), 
16 (red); the glycerol should be from one-seventh to one-fourteenth by weight of the 
alcohol, and the relation between ash and extract (for dry wines or for sweet wines after 
deducting the sugar) should be about 1:10; plastering,'^ expressed as sulphuric acid, should 
not exceed 0*2 per cent. 

In France and now also in Italy, in decidingif a ’wine is watered, use is made of Gautier s 
nth (corrected), according to which the sum of the percentage of alcohol by volume and the 
total acidity (as sulphuric acid) per litre should reach the value 12-5 for red wines and 11*5 
for white wines. 

Use is sometimes made of Halphen's rule (1906-1913), the results of which are credited 
by some and discredited by others (Issoglio and Possetto, 1914 ; Astruc and Mahoux, 1908- 
1911; Prandi, 1914; Pratolongo, 1917; Scurti and Polando, 1917; Galeazzi, 1916, etc.). 
According to this rule, the ratio [x) between the fixed acidity (expressed as sulphuric acid 
and increased by 0*7) and the percentage of alcohol by volume iy) should differ by not more 
than 0*120 from the theoretical value calculated from the expression x ~ 1*160 — 0-07 y; 
thus, for a wine ’with 10'2 per cent, of alcohol and fixed acidity 3*88, x = (3'8S 0*7); 10*2 = 

0*449, while the theoretical value would be 1*160— (10*2 x 0*07) = 0*446. 

Wines weak in alcohol or tartar do not keep well in the warm weather. A weak wine 
may be improved by either mixing with stronger ’R’ines or concentrating by freezing, water 
then separating in the form of ice (this method, in use even in the Middle Ages, has recently 
been patented in Italy !). 

New wine has sometimes the smell and taste of rotten eggs, i. e., of hydrogen sulphide; 
this may be remedied by decanting it into casks in which sulphur has been burnt: 
2H2S -f SO2 = 2H2O -f 3S.2 

^ In order to prevent certain disea.ses to which southern wines low in acidity are liable, recourse 
is had to the addition of sulphites, or potassium metabisulphite {see Vol. I., p. 644), which increase 
the quantities of sulphuric acid and sulphates. Thus some -wines remain clear in the bottle, but 
become turbid and dark on exposure to the air ; this disease, termed casse, is prevented by addition 
of potassium metabisulphite, which also arrests secondarv fermentation. To make certain weak 
wines keep better in summer in tapped casks, calcium sulphite is added, this giving a slow evolu- 
tion of sulphur dioxide. 

The keeping qualities of certain ■wines are improved by -plastering, which consists in adding to 
the fermenting must a certain quantity of gypsum (calcium sulphate), but the total sulphates are 
restricted by Ta-w to 2 grams per litre (calculated as normal potassium sulphate), excessive pro- 
portions of sulphates being considered injurious to health. It was formerly thought that the 
gypsum with the cream of tartar w*ould give rise to insoluble calcium bitartrate and acid potassium 
tartrate, but instead of the latter normal potassium sulphate is the more probably formed : 
2O4H5O6K -f CaS04 — C^HiOeCa -f CiHgOs -r K2SO4 (Magnanini and Ventura, 1902; Bussy 
and Buignet, 1865; Pollacci, 1878; Boos and Thomas, 1896; Manzato, 1896 and, especially, 
IBomtrager, 1917 and 1918). Incipient sourness of -wine may be corrected by adding normal 
potassium tartrate or, better, potassium carbonate in amount calculated on the quantity of volatile 
acids (acetic, etc.) present, and subsequently clarifying. 

2 To desulphur musts and vines use is sometimes made of a small quantity of urotropine 
{hexamethylenetetramine), wMch decomposes into ammonia and formaldehyde, the latter fixing 
the sulphur dioxide; such addition may be detected, according to Fonzes-Biacon and Bonis 
(1910), by distilling 25 c.c. of the wine with 3 drops of sulphuric acid, acidifying the first 5 c.c, 
of distillate -with 1 c.c. of sulphuric acid, and observing if it colours a solution of fuchsine decolorised 
with sulphur dioxide. The residue from the distillation is rendered alkaline with magnesium 
hydroxide and distilled, the vapours distilling over being condensed in a known volume of 
N /lO sulphuric acid, which is titrated back to ascertain how much ammonia distils over from the 
urotropine. 

Even in a dilution of 1 : 50,000, urotropine may be detected by addition of mercuric chloride, 
which forms a precipitate in the shape of many-rayed stars. With white -wine the reaction is 
obtained directly after addition of a little hydrochloric acid ; red wine is shaken first with solid 
lead acetate and then with sodium phosphate, and filtered, the filtrate being tested with HgCl2. 
Milk is acidified with HCl, shaken with solid ammonium sulphate, filtered and, if turbid, shaken 
with petroleum ether, the reaction being then applied (Rosenthaler, 1913). 
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From the vinasse remaining after the wine is drawm off a little rather rougher wine 
may still be obtained by subjecting it to considerable pressure, and from the pressed vinasse 
alcohol {see above) and tartar {see later) may be extracted. 

The testing or analysis of wine is usually limited to determining the alcohol (by the 
method described on p. 174), dry extract, ash {see above), glycerol, plastering, and total 
acidity, and to testing for the addition of colouring-matter and other adulterations. The 
complete analysis of wine is described in Villavecchia’s “ Applied Analytical Chemistry,” 
VoL II., pp. 175 et seq. 

Statistics. The countries which produce the most wine are France, Italy, and Spain. 
For Italy the statistics are very contradictory, and even the officiai ones are erroneous ; 
for instance, the production for 1909, which was given officially as 40,000,000 hectolitres, 
was officially con’ected in 1910 to' 60,000,000 hectolitres. In various countries the output 
has been gi’eatly diminished ovdng to invasion by phylloxera.^ 

The average animal output of grapes in Italy in 1909-1916 was 6,400,000 tons ; in 1912, 
67,000,000 and in 1913 8,000,000 tons were produced. 

Italy imports on an average 900,000 bottles of fine wines, of the value £100,000, per 
annum.- 

In Milan in 1909 duty was paid on 1,000,000 hectolitres, the Corporation receiving 
£420,000, and the consumption per head being 200 litres. 

In 1905 Italy exported to Germany 124,000 quintals of dessert gi’apes, whilst France 
exported only 78,000 quintals. In 1892 Italy exported about 260,000 hectolitres of wine 
to Germany, but less amounts in subsequent years. ^ 

^ Phylloxera (P. mstatrix and P. viiifoh'a) is an insect allied to the aphides and about 1 mm. 
long. It lives on the roots, leaves and tendrils of the vine, and quickly kills the latter, the roots 
blackening and decomposing. It was introduced into Europe on vines imported from America. 
The French vineyards wereTtevastated by it in the period 1876-1889 (see above : “ Statistics ’'). 
the ordinary remedies (flooding, carbon disulphide, potassium trithiocarbonate, etc.; ^ee Vol. I., 
pp. 495, 547) being without avail, owing to the violence of the attack. Almost all the French 
vines had to be destroyed and replaced by American phj^lloxera -resisting vines on which were 
grafted the French vines, these giving grapes of the original qualities. Hungary was also hit 
hard by phylloxera, the output of vine felling from 7,000,000 hectolitres in 1880 to 2,000,000 in 
1902. In Italy phylloxera has spread alarmingly, the vineyard areas attacked being : 2458 
hectares in 1879; 75,612 in 1889; 351,033 in 1899; 410,260 in 1909, and 605,305 in 1911.* 

® The output of vine in other countries is as follows (thousands of hectolitres) ; 



1003 

1907 

1908 

1909 

1910 

1911 

■ 1012 

1913 

19X1 

1915 

Germany . 

2,000 i 2,492 

3,135 

! 2,020 

846 

2,922 

2,019 

1,005 

921 

2,698 

Austria 

5,200 

4,250 

8,142 1 6,252 

2,546 

3,836 

3,970 

4,352 

3,615 

— 

Hungary . 

2,000 

3,792 

8,023 

! 4,364 

2,764 

4,939 

, — 

— 


Bulgaria . 

2,300 

866 

1,643 ! 3,318 

770 

551 

715 

— 

— 

— 

Spain 

16,000 

18,384 

18,557 14,716 

11,283 

14,747 

16,465 

17,105 

16,168 

8,789 

Greece 

1,000 

— 

— 

— 

— 

3,230 

— 

— 

3,182 

3,042 

Portugal . 

5,000 

— 

6,869 


— 

4,074 

— 

— 

— 

4,910 

Eoumania . 

2,700 

967 

2,283 

1,270 

1,713 

993 

1,589 

1,158 

660 

1,670 

Eussia 

2,300 

— 

— 

— 

2,310 

— 

2,600 

— . 

— 

— 

Serbia 

500 

536 

856 

394 

153 

— 

— : 

— 

— 

. — 

Switzerland 

— 

681 

925 

408 

408 

854 

903 

261 

507 

870 

Corsica 

— 

— 

264 

194*4 

193*4 

159 

147 


125 

42 

Algeria 

— 

7,853 

7,803 

8,228 

8,414 

8,833 

— 

— 

— 

— 

Tunisia 

— 

357 

346 

350 

250 

440 

290 

300 

200 

125 

Turkey & Cyprus 

2,000 

— 

— 

— 

— 


1,800 

— 

— 


Argentine . 

1,500 

2,843 

3,350 

3,900 

3,817 

4,085 

6,000 

5,144 

4,823 

4,515 

Chile 

2,500 

1,893 

2,260 

2,227 

1,331 

1,964 

2,262 

2,943 

3,080 

1,614 

Uruguay 

— 

185 

162 

170 

147 

105 

194 

165 

165 

114 

Au.stralia . 

327 

202 

250 

209 

266 

226 

277 

214 





United States . 

1,100 


“ 

1,166 

(tons of 
grapes) 



' ■ 

— 

— , 

— 

Whole World . 

126,000142,000 

161,500 

157,500 

1 

89,850 

127,500 

144,000 

138,000 

146,000 

105,500 


2 The import duties levied by different countries on Italian wines before the war were as 
follows; Germany, 29^. per quintal; Belgium 18a. 6^?.; Holland 34s.; Great Britain 23s. for 
wines with less than 14*84 per cent, of alcohol, and 54s. 6d. for stronger ones; Eussia, 45s.; 
United States, 54s. 6d . ; and British India, 33s. 6d. 
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The following figures represent hectrolitres (1 hectolitre = 22 gallons j : 



France 

Prodaction 

i I' 

i Piodu'‘:;tjn 


1875 

83,000,000 

28,000,000 

363, tXX) 

1879 

1 25,000,000 , 

34,000,000 

1,075,000 

1887 

I 24,333,000 

34,000,000 

3,603,01X1 (2,S0<3,OCm) to France) 

1889 

1 23,000,000 

22,000,000 

1,440,<X)0 'commeix'ial treaty with France broken 
in 1887) 

1893 

59,000,000 

32,000,000 

2,362,0rXl (750,000 to Austria-Hungary ; 300,000 
to Switzerland,^ and 426, OCK) to 
America) 

1897 

32,000,000 

28,000,000 . 

2,4<X\000 

1901 

58,000,000 

44,000,000 

l,334,0iX) 

1902 


35,000,000 

2,1G4,C»00 (976,300 to Ausfaia-Hiingary) 

1904 

— 

42,000,000 

1,200,000 (Austro-Hungarian market lost by 
new comnitTciai treaty) 

1905 

57,000,000 : 

28,000,000 

9*80, OtiO ; worth £1,400,000) 

1908 

66,500,000 

52,000,000 

1,200,OUO 

1909 

66,000,000 

j 

, 60,000,000 ' 

1,450,000 (France has a wine area of 1,625,630 
and Italy of 3,500,O00 hectares) 

1910 

1 28,723,000 

29,293,000 

1,812,000 !£2,4tHi,00O)‘ 

1911 

‘ 53,879,156 

1 (of which 
8,900,000 m Al- 
geria and 160,000 
i in Corsica) 

i 42,655,IX>0 ■ 

960,722 (plus bottled wine to the value of 
£4CH),rM:)0) 

1912 

i 63,831,000 

44,123,000 

863,970 (£l,440,rXXj) 

1913 

52,000,000 

j (wifeh Algeria) j 

52,240,000 , 

1,466,600 (£2,440,000, plus bottled wine worth 
£520, 0(X)) 

1914 

i 70,134,160 

; (with Algetia) 

43,000,000 1 

1,785,500 

1915 

25,000,800 

(European w’ar) 

19,000,000 

742,000 

1916 

44,800,000 

(of which 
S,SuU,OuO in Al- 
geria) 

39,000,000 

398,000 (£1,280,000) 

1917 

42,000,000 

48,000,000 ! 

1,024,<X)0 (£3,840,000) 

1918 

(with Algeria) [ 

36,408,000 ; 

2,560,000 (£9,600,000, plus bottled wine wnrth 
£560,000) 

1919 


; 30,000,000 



The \^ine (hectolitres) exported from Italy to different countries is as follows ; 



1909 

1910 

1911 

1912 

1913 

France 

43,725 

73,560 

45,446 

23,679 

235,578 

Germany 

193,960 

93,868 

85.130 

19,022 

46,640 

Switzerland 

922,950 

037,300 

332,415 

200,565 

569,465 

Egypt . 

Argentine 

Brazil 

32,000 

23,420 

9,620 

7,000 

8,300 

211,620 

241,900 

165,977 

153,720 

148,954 

129,589 

156,226 

136,980 

176,095 

180,485 

United States . 

438,180 

126,522 

70,200 

73,320 

99,224 

Other countries 

124,613 

140,887 

111,760 

84,200 

117,985 


‘ The following is a statistical rtsum^ of the -nine imported into Swtzerland (hectolitres) 


Prom 

Italy . 
Trance 
Spain . 
Austria 
Greece 


1906 

190S 

1910 

137,843 

531,776 

828,559 

273,731 

363,769 

216,909 

123,587 

415,052 

422,775 

53,411 

69,634 

110,608 

9,370 

12,209 

64,874 


200,000 


1013 

570,000 


191-i 

693,000 
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Among tile many taxes imposed by Italy to settle the enormous war debts was one (dated 
September 30, 1919) of 95 . 6d. per hectolitre on wine produced and on that remaining from 
1918. 

MARSALA. This is a liq^ueur Tvine made for the first time at Trapani in 1773 by 
J. Woadhouse of Liverpool to compete with the world-famous Madeira. In 1812 another 
large establishment was started by the Englishman, Benjamin Ingham, and in 1840 
Vincenzo Elorio’s factory, which has since become the most celebrated. The prime material 
for the manufacture of Marsala is white Trapani wine with 13 per cent, of alcohol, to which 
is added (in quantity varying for different types of Marsala) the must {cotto) of very mature 
wLite grapes, concentrated in open boilers until two-thirds has evaporated; then is added, 
in varying amount, sifone, obtained by filling a cask to the extent of three-fourths "with 
clear must from a very ripe white grape, and one-fourth with pure alcohol (free from tax 
if for export), mixing and allowing to age so as to develop the Marsala aroma. 

Mixtures of these three components in different proportions give the various brands 
of Marsala : the Italian brand is the least alcoholic (16 to 17 per cent.), the original English 
brand the strongest (up to 24 per cent, of alcohol), while the Margherita and Garibaldi 
brands are of intermediate strengths and are sweeter. 

In 1905 Italy exported in cask 29,765 hectolitres of Marsala, worth £83,280, and 51,000 
bottles, value £2040; in 1908, 24,900 hectolitres; in 1910, 32,500; in 1912, 30,381 and in 
1913, 28,695 hectolitres (£103,302) in cask and 3000 (£19,200) in bottle. 

VERMOUTH. This was prepared formerly in Tuscany, but nowadays almost exclu- 
sively in Piedmont, where the industry was started in 1835 by Giuseppe Cora and A. 
Marendazzo. 

The prime material for manufacturing vermouth is the muscat wine of Asti and of 
the Monferrato heights, which contains 6 to 11 per cent, of alcohol and 2 to 4 per cent, of 
sugar; with this is mixed 2 to 5 per cent, of a vinous infusion of aromatic drugs, in which 
wormw^ood predominates, and which contains also sweet flag, juniper, gentian, etc. ; finally 
alcohol is added to bring the strength up to 16 to 18 per cent, and sugar to the density of 
5° to 9® Be. (if for exportation, 90 per cent, of the alcohol and sugar taxes are refunded). 
Sparkling vermouth is made by saturating it with COg in the cold under pressure. 

It cannot be said that in the manufacture of Marsala and vermouth all the rational 
methods prescribed by modern oenotechnics are followed.^ 

The production of vermouth in Piedmont is now about 300,000 hectolitres, the exports 
(especially to America) being 8960 hectolitres in cask and 64,980 in bottle in 1906; 7874 
in cask and 83,300 in bottle in 1908; 10,176 (£27,680) in cask and 100,000 (£464,920) in 
bottle in 1909; 20,400 (£53,040) in cask and 173,760 (£760,000) in bottle in 1910; 
25,000 in cask and 94,000 in bottle in 1911 ; 32,000 in cask and 131,500 in bottle in 1912, 
and 34,300 (£119,360) in cask and 133,600 (£720,000) in bottle in 1913. 

CIDER. This is an alcoholic drink obtained by the partial fermentation of the juice 
of apples and pears (perry). It is largely used in the north of France, in Germany, and in 
Switzerland. It is consumed almost immediately it is made. In France the production 
varies from 8,000,000 to 30,000,000 hectdlitres, part of which is distilled to produce alcohol 
(30,000 to 70,000 hectolitres of alcohol). 

LIQUEURS. These contain 40 to 70 per cent, of alcohol. The finest are those obtained 
by collecting the first, more highly alcoholic distillate from other fermented liquors. Such 
are brandy (prepared by distilling vinasse or wine and containing 46 to 65 per cent, of 
alcohol), cognac, kirschwasser (obtained especially from the cherries of the Black Forest), 
rum (prepared principally in Jamaica by distflliog fermented cane-sugar molasses), mara- 
schino (prepared from small Zara cherries), gin (from juniper berries), atole or chica of 
South America, arrack of the Arabs and Indians (prepared from rice, cane-sugar, and 
coconuts), schnapps of the Germans (potato spirit), etc. 

The other class of liqueurs comprises those obtained from aromatic substances, sugar, 
and more or less concentrated pure alcohol. In this way are obtained rosolif anisette:, 
absinthe (alcoholic decoction and distillation with wormwood) — ^much used in France 
and the principal cause of the terrible effects of alcoholism (p. 184) — cr^me de menthey crime 
de cafki etc.; ratafia from fruit must, spirit, and sugar; Chartreuse (the most celebrated 

\ Italy and also in other countries vermouth may not be coloured with aniline dyes, but 
the Municipal Hygiene Authority of Milan limits such prohibition to vermouth wine, colouring 
being allowed if the product is declared simply as vermouth (as with liqueurs ). 
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was that prepared by the Carthusian monks, before their expulsion from France in 1904, 
from balm- mint, cinnamon, saffron, hyssop, angelica, sugar, alcohol, and other ingredienti^), 
coca (from Bologna), curat-ao (first prepared from two kinds of orange in the island of Curasao 
in the Antilles), kummel (in Eussia the best kinds are obtained by distilling brandy or 
alcobolic liquids with Dutch cumin seeds and dissolTing pure sugar in the highly alcoholic 
distillate). It is unnecessary to mention that all liqueurs, even the most celebrated, are 
more or less poorly imitated in all countries with mixtures in no way resembling the original 
types, but the latter always command very high prices. 

Cognac is a brandy prepared especially in Charente by very carefully distilling weak 
wines of special vintages and refining and maturing the product in casks of Angouleme 
or Limousin oak, wLich gradually imparts to the spirit a pale yellow' colour and a character- 
istic aroma. The finer and older brands sell at as much as £40 per hectolitre {see note, 
p. 180). 

FERMENTED MILK. This bears the following names according to the locality 
and method of its preparation and the nature of the milk from which it is made : hephir, 
koumis, galazin, Uhen (Egypt), and iinazun. The first three of these are the best know'n. 

KEPHIR, or Kefir, is of very ancient origin among the Caucasian highlanders, who 
now'adays make enormous use of it and jealously keep the secret of its preparation. There 
is a legend to the effect that Allah was the first to make it, and that he recommended it 
as a remedy for various diseases. Kephir is simply cows’ milk (fresh or skim) fermented 
by the addition of a special ferment in the form of granules, which the Russians call "’fungi ” 
and the Tartars “grain or millet of the Prophet,” as they regard it as discovered by Mahomet. 
It was only in 1882 that Dr. Dmitiieff called the attention of the rest of Russia and of 
Europe to kephir and its great recuperative propert’es in cases of lung diseases. 

Kern and, later, Freudenreich showed that the alcoholic fermentation of milk with 
millet of the Prophet is due to the simultaneous action {symbiosis) of the new' Saccharomyces 
hephiri (similar to ordinary Saccharomyces ellipsoideus)j a streptococcus^ and a bacillus. 
The alcoholic fermentation of milk-sugar with evolution of COg takes place rapidly and 
is always accompanied and follow'ed by acid fermentation (lactic acid), which partially 
dissolves the casein (propeptones) and forms a very fine coagulation, almost a frothy 
emulsion. In practice the kephir granules (or about 2 grams of kephir-extract per litre 
of milk) are softened with tepid water (30° to 35°) for a couple of hours, the milk being 
then added and the mixture shaken every hour for eight hours ; it is then sealed in clean 
bottles fitted with mechanical stoppers and is shaken now and then, the temperature 
being maintained at 15° to 20°; in twenty-four hours’ time the kephir is ready; it forms a 
slightly alcoholic and acidulated dense, frothing liquid. If the kephir is left in closed 
bottles for two days, the pressure increases and the mass becomes more acid and more 
liquid ; by the third day it becomes extremely acid and contains up to about 2 per cent, of 
alcohol, and after this it is inadvisable to drink it. 

In Italy kephir or kephir-extract is placed on the market by the Borgosatollo Daily 
(Brescia) and kephir dried in vacuo is also prepared (Rosemberger, Ger. Pat. 198,869, 
1907). 

KOUMIS is similar to kephir, and of equally ancient origin, but is prepared from mares’ 
milk. In Russia there are various sanatoria which make efficacious use of large quantities 
of koumis. The composition of the latter has been found to be : Water, 94 per cent. ; 
COg, 0*9; ethyl alcohol, 1-7; lactic acid, 0*7 ; lactose, 1*3 (before fermentation 5*5); fats, 
1*3; proteins, 2*3 (largely peptonised); salts, 0*3. 

GAL AZIN is obtained by placing skim (cow’s) milk, with 2 per cent, of sugar and 
0*3 per cent, of beer-yeast in strong, tightly stoppered bottles, and allowing fermentation 
to proceed for twenty-four hours at 16°; from the second to the sixth day the proportion 
of alcohol rises from 0*3 to 1*5 per cent. Galazin is less nutritious than kephir or koumis, 

BEER 

This is another alcoholic liquor saturated with COg and is obtained by 
fermenting aqueous decoctions of barley-malt and hops. 

The ancient Egyptians were acquainted with the manufacture of beer and held it in 
great regard. Later it became known to the Ethiopians and the Hebrews, but the Greeks 
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never acquired a taste for beer. The industry was taken by the Armenians from Egypt 
into the interior of Asia, and still later beer was manufactured in Spain and France, but 
it was never consumed by the Romans. In Germany beer has been made from time 
immemorial. 

A marked improvement in the manufacture of beer dates from the time of Charles 
the Great, when hops were first used. 

Lager beer [see later) was prepared as early as the thirteenth century, and its use has 
since greatly extended in various countries. 

In England the manufacture has flourished since the fifteenth century, the famous 
porter being first made at the beginning of the eighteenth century. 

The improvement made in brewing operations by the introduction of scientific methods 
has led to a very considerable development of the industry in Germany and elsewhere. 

In ail stages of the manufacture the greatest cleanliness is now practised, the walls 
and floors as well as the vessels being frequently disinfected by means of dilute calcium 
bisulphite solution (1 per cent.), or hydrofluoric acid solution, or ozone [see Vol. I., p. 202). 

1. A. BARLEY ^ should satisfy the following requirements : 

^ Barley (botanical species Hordeum) used for making beer is of two types : two-rowed (Fig. 
152), in which the corns arc arranged in the ear in two rows, one on each side, and six-rowed 



Fig. 152. Fig. 153. 


(Fig. 153 ), in which there are three rows of corns on each side of the ear. Barleys of different kinds 
may, to some extent, be recognised by the form of the small hasal hrisile found at the base of the 
com inside the longitudinal furrow. The value of barley for brewing purposes is largely influenced 
by the nature of the soil, climate, methods of cultivation, and manuring. Barley is cultivated in 
all countries and in all climates — in Holland and also in Sicily. It is difficult to keep varieties 
pure, since they become modified during growth owing to crossing. Only by the rational system 
of selection initiated by Dr. Nilsson at the Svalof Institute is it possible to fix different varieties 
with constant, well-marked characters suited to the various districts in which at one time they 
originated. 

From a commercial point of view, the weight of a barley is of importance and good qualities 
give a weight of 40 grams per 1000 corns, or 62 to 67 kilos per hectolitre for thin barleys and as 
much as 70 kilos per hectolitre for the larger ones. The grains should have a fiouiy and not a 
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(a) When moistened and kept at 25" to 30% SO per cent, of the corns should 
in forty-eight houi’S and 90 to 95 per cent, in seventy-two hours. 

(b) Those are preferred which are heaviest ^60 to 70 kilos per hectolitre; and contain 
about 62 per cent, of starch, about 10 per cent, of protein, and 12 to 11 per cent, of mraslure. 

The richer the barley in proteins, the less is the amount of dry extract yielded by the 
malt; thus a barley with 11 per cent, of albuminoids gives a malt yielding at most 76 per 
cent, of dry extract, whilst one with 7 per cent, of albuminoids gives a malt yielding 81 to S2 
per cent. Often, however, the 
barleys richer in starch are 
poorer in nitrogen. 

(c) The skin should be thin 
and the colour pale yellow, the 
ends of the corns not being 
brown. 

Barley starch swells at 50°, 
and wdth water forms a paste 
at 80°. With diastase it begins, 
unlike potato starch, to sac- 
charify as soon as it is com- 
pletely transformed into paste. 

B. Wheat is sometimes used, 
together with barley, for pale 
beers. 

C. Maize is used in America 
after being skinned and de- 
germed, the germ being rich 
in oil. Prepared maize and 
rice are used in Great Britain. 

D. Rice is used in America 
and Scandinavia with the 
barley. 

2. HOPS. The female 
flowers, dry and mature, of 
Humulus lupulus (Pig. 154) are 
used, these containing 10 to 17 
per cent, of a powder, lupuli/i 
which can he separated by shaking and sieving), possessing the aromatic and bittei 
principles which bestow on the beer its aroma and keeping qualities.^ 


vitreous appearance when cut through, and there should be few broken corns, as these do not 
germinate and become mouldy on the malting floor. Germination tests, made on 500 or 1000 
corns, should show at least 95 per cent, of genninated corns in five to six days. With barley 
harvested under wet conditions, the ends of the corns are darkened. 

The world’s production of barley in 1906 was 31,500,000 tons, in 1910 31,000,000 tons, and in 
1913 36,600,000 tons. In 1910 (and also in 1913) France produced 1,080,000 tons (17,000,000 
hectolitres from an area of 737,300 hectares). In 1913 Germany produced 3,673,200 tons, 
Austria 1,750,000, Hungary 1,730,000, Bulgaria 300,000, Denmaih 600,000, Spain 1,500,000, 
Great Britain l,500,000,''Roumania 600,000, Pvussia 12,100,000, United States 3,900,000, Canada 
1,050,000, Japan 2,370,000 and Algeria 1,090,000. Italy produces on the average 220,000 tons 
of barley per annum and imported^ the following quantities of malt (mainly from Austria and 


ueimauy j : 

190S 

1910 

1912 

1913 

1911 

191G 

Tons . 

. 12,400 

17,800 

19,108 

15,843 

18,200 

8,890 

£ 

. 89,240 

128,080 

244,582 

202,790 

276,800 

157,000 


^ In regions where hops arc cultivated on an industrial scale, the agriculturists whose lands 
border on the hop gardens are compelled by law to destroy any male hop plants accidentally 
growing in their fields. The non-fertilised female flowers do not bear fruit. 

The° best hops are cultivated in Bohemia (at Saaz), Bavaria, Posen, Wiirtemberg, Baden, 
and j^ace-Lorraine, where they are picked towards the end of August. If they are too rijje the 
bracts of the hop-cones open and lupuh'nis lost. The most extensive cultivation of ho23s takes 
place in the United States. 

The hop should have a bright yellowish green, and not a brovu, colour, and the bracts should 
not be open; a too green colour indicates that the hops have been picked in an unripe condition. 
VOL. 11 . 13 
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3. WATER. Formerly water for brewing purposes was invested with a mysterious 
importance, but nowadays the water is tested in a much more rational and rigorous 
manner. Preference used to be given to moderately soft water, but now waters of 
medium hardness are regarded as best, as it is found that a certain quantity of calcium 
sulphate aids fermentation, but if the water is too hard, less extract is obtained from the 

The seeds have no value for brewing purposes, the largest hops being of least value. They should 
not have an unpleasant odour. Since the fresh hops contain 75 to 85 per cent, of naoisture, so 
that they will not keep, it is necessary to dry them in the air or in ovens at 25° to 30° in a strong 
current of dry air, until the}’’ contain only 12" to 1 5 per cent, of moisture ; they will then keep * ’’ 
even for a year or more. Their keeping qualities may be improved by sulphuring them (with 
either when dry or during the drying. Sulphuring is, however, often applied to inferior hops to 
mask their defects. 

The better qualities are seldom sulphured and, when they are well dried, are kept tightly 
compressed in large sacks or in evacuated metal cylinders. They may also be kept in a very cool 
place (cold store). 

The bitter flavour and keeping properties imparted by the lupulin of hops depend mainly 
on their content of liumulfne, which is a sesquiterpene, Ci 5 H 2 i, and on t^t of the a- and P-hiiter 
ackU, -which varies from 5 to IS per cent. The a-acid is humnlene, CaoHjgOj, and the j8-acid, 
lupulmic ncki, CV.H.cOj ; both are insoluble in water and very bitter, and may be determined by 
Lintner's method as follows : 10 grams of an average sample of the hops are heated in a flask 
graduated at 505 c.c., with 350 c.c. of light petroleum (b.-pt. 30° to 50°) for six hours on a water- 
ha th at 40° to 45°, an efficient reflux condenser being fitted to the flask. When the latter is cold, 
it is filled to the mark with light petroleum and shaken, the contents then being filtered. 100 c.c. 
of the filtrate, mixed with 80 c.c. of alcohol, is titrated with deoinormal potassium hydroxide 
solution in presence of 10 to 15 drops of phenolphthalein solution. If much fat is present an 
aliquot part of the light petroleum solution is evaporated and the residue extracted with methyl 
alcohol, which does not dissolve the fat and, on evaporation, gives the bitter acids ; these may 
then be weighed. 

The quality and commercial value of hops are influenced largely by the nature of the soil and 
the quality of the manure used, as well as by the variety of the hop itself. 

Chemical composition does not always give satisfactory indications for judging of the value 
of hops, and this is almost always done by men experienced in valuing hops. Hops give up 
to alcohol 22 to 30 per cent, of extract, about two-thirds of which is composed of a resin giving 
the bitter flavour and acting as an antiseptic towards certain bacteria injuriously affecting the 
keeping of the beer, although it has no influence on the yeast. The flavour of the beer is also 
considerably affected by the tannin contained in the hop to the extent of 2 to 4 per cent. 

The determination of the ethereal extract is also employed in judging of the quality of hops ; 
with good qualities, after evaporation of the ether, 27 to 28 per cent, of residue is left (see above, 
Lintner Test), 

Germany imported 2800 tons of hops in 1908 and 2636 tons in 1909, the exports being 12,400 
and 8800 tons respectively in 1908 and 1909. The United States imported 2800 tons in 1911 
and exported 7000 tons. 

The International Agricultural Institute of Home gives the following statistics of hop 
production ; 





1010 

1911 

1913 

1913 

1914 

1915 

Geiinany 

f tons . 
t hectares 

20,340 

35,865 

20,411 

27,460 

10,628 

26,658 

20,563 

26,966 

10,618 

27,048 

23,237 

27,685 

14,563 

23,737 

Austria . 

/tons . 
(hectares 

18,748 

25,364 

16,512 

21,281 

8,613 

19,919 

20,146 

20,304 

8,564 

20,260 

16,444 

18,480 

— 

Hungary 

/ tons . 

\ hectares 

867 

1,142 

834 

926 

1,153 

1,357 

1,796 

2,176 




Belgium 

f tons . 
(hectares ■■ 

3,869 

.2,060 

3,102 

2,047 

3,075 

2,101 

4,612 

2,283 

3,355 

2,405 

2,485 


France . 

/ tons . 
(hectares 

5,157 

3,030 

3,232 

2,741 

2,630 

2,843 

3,973 

2,832 

3,568 

2,951 

3,191 

2,731 

2,227 

2,214 

Great 

Britain 

f tons . 
(hectares 

23,916 

15,751 

15,377 

13,308 

16,664 

13,377 

18,971 

14,095 

12,987 

14,437 

25,770 

14,836 

12,9.35 

14,060 

Russia 

tons . 

4,428 

2,949 

3,293 

4,423 

7,699 

6,388 


United 

States 

( tons . 
(hectares 

19,913 

22,514 

23,438 

24,208 

28,530 

19,693 

26,907 

mole 

world 

/ tons . 
(hectares 

103,894 

84,000 

85,784 

68,515 

70,015 

67,000 

99,635 

69,489 

77,022 

69,068 

96,725 

71,586 

82,599 

66,875 


The output of hops per hectare (2-47 acres) varies from 14 to 30 cwt. 

Australia produces 800 to 900 tons of hops, the area under their cultivation being 500 to GOO 
hectares, ^ 
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malt and hops. Iron is also harmful, and especially so are waters eoritaiiiinated with 
bacteria.^ 

The principal operations in the manufacture 
of beer are as follow : 

( 1 ) CLEANING OF THE BARLEY, to 
remove dust, soil, stones, damatred and li’^dit 
corns, etc., by means of sieves, fans, etc. 

(2) STEEPING OF THE BARLEY for two 
or three days in water at 11 " to 12 ' in order that it 
may absorb the water necessary for germination 
(about 45 per cent.). 

For this purpose use is generally made of the 
Neubecker tank (Fig. 155), made of iron plates, 
open at the top and cone-shaped at the bottom. 

In the middle is a wide perforated pipe, E, which 
is surrounded by the barley (500 to kilos). 

The water is supplied by tbe pipe IF, and is 
discharged through the perforations of E, thus 
covering the barley; it is then discharged from tiie 
top of the tank through the pipe V, the lighter 

^ Water for brewing should contain only ‘^mall proportions of carbonate '.ince thc^e partially 
neutralise the primary’ phosphates of the wort, vhcreas for the enzunie lunction-^ inliereiit tb 
the mashing of the malt the acidity of the malt (primary jF.O'-phate-) sliould be pre>ervefl. 
The mashing process is eharacterited by the degradation of the starch by r|ia«ta-e and by th.e 
decomposition of the protein substances by mean< of peptases. The ^econda^y phosphates an* 
alkaline to methyl orange (the primaiy' phosphates being neutral) and hinder these enzymic 
processes. 

Carbonates tend to diminish the acidity, thus : 4KHoPOj -f SCaCO^ = 3 CO_j -f- SILO -f 
Ca3(POi)3 -f 2 K 2 HPO 4 . (Sulphates, however, tend to restore the acidity and transfomi the 
secondary into primary phosphates : 4 K 2 HPO, -f- SCaSOj = -f llILiSOj -f 2KHjjPOi ; 

the beneficial eifect of gypsum is thus explained. 

The carbonates (calcium bicarbonate) may be eliminated by boiling the watcfi or by passing 
air for half an hour through the water at ”$5°, all the calcium carbonate and most of the 
mamesium carbonate being thus deposit^ed; if the temperature is lowered to CO® magnesium 
carbonate redissolves, so tliat the water should be filtered hot. The cautious decomposition of 
the carbonates with mineral acids or, better, with lactic acid has been sugge.^ted. 

The proportion of gypsum present in the water is often increased artificially. For pale 
beers (Pilsener) the w'ater is preferably less hard, even though it contains only little gypsum. 
Excess of the latter affects the flavour of the beer, as it is left"finally n« potas^imn sulphate 
above), which has a decided taste; this is readily observed on adding *20 to 25 grams of potassium 
sulphate per hectolitre to beer made with a moderately soft water. 

In the case of dark beers the influence of the salts'^of the water is le>s apparent, since the 
torrefied malt is more acid and the caramel and sugar impart to the beer a marked taste, which 
masks other flavours. Even for dark beers, however, a w'ater of only moderate hardness is to 
be preferred. 

The water of the Munich breweries contains a medium proportion of carbonates (the residue, 
28 grams per hectolitre, contains 25 grams of carbonates) and veiy^ little gypsum; artificial 
increase of the latter is, however, never suggested, although common in Britain. 

Also for steeping barley a moderately hard water is best. 

The compositions of various waters are as follows (parts per 1,000,000) : 



Dry residue .... 

Ferric oxide and alumina (Fe 203 ,AL 03 ) 
Lime (CaO) .... 

Magnesia (MgO) 

Sulphuric acid (SO3) . 

Ammonia .... 

Nitrites and Nitrates . 

Organic matter (as oxygen absorbed) 
Hardness (French degrees) . 

Number of bacteria per 1 c.c. 


Good j 

Mtilium 

j Bad 

250-450 i 

450-550 ' 

i 650-700 

0-1-5 ! 

1 •5-2*5 

! 3 

120-150 i 

150-200 

1 200-300 

20-50 ; 

50-80 

80-120 

20-60 j 

60-80 

1 100-200 

— 1 

— 

! traco-1-5 

— 

0-0-5 

j 0-5-i-5 

0-4-L5 

1 *5-2-0 

1 2-3 

15-25 

i 25-35 

: 35-50 

50-600 

i 500-4(j00 

! 4000-10, OC 


These numbers are only indicative and must not be taken too strictly. 
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floating corns being carried away. After seven or eight hours the water is run off through 
the tap C, and the moist barley left exposed to the air for five or six hours. Fresh water is 
then introduced and left for ten to twelve hours, after which it is run off and the grain 
exposed for five or six hours, and so on. This procedui*e is continued for thirty to fifty 
hours in summer or seventy to one hundred hours in winter, the corns having in that time 
absorbed about 40 per cent, of water. Steeping of the barley in lime-water has been 
suggested as a means of preventing abnormal fermentations (Windisch, 1901) and of 
obtaining beer of improved aroma and flavour. In some cases steeping is preceded by 
washing of the barley in running water in rotating cylinders, or else compressed air is 
forced into the steeping vessels at frequent intervals, so as to stir the barley. The steep- 
water becomes yellowish brown and acid, and after some time undergoes lactic and butyiic 
fermentations. At the end of the operation, the barley is discharged through the lower 
aperture, A, by undoing the screw, B, and raising the tube B, by means of the lever, D. 

(3 ) GERMINATION OF THE BARLEY. The steeped barley is carried to the spacious 
malting floor, which is fitted with numerous windows to allow of the renewal of the air when 
desired, and is arranged so that the temperature may be maintained constant at 12° to 16° ; 
this end is often attained by the use of semi-underground cellars, which should, however, 
be well ventilated. On the impermeable floor (of cement or asphalte), the barley is spread 
out in a layer 50 to 60 cm. deep, and on the second day the mass is moved with wooden 
shovels so as to reduce the depth to 30 to 35 cm., this being fui-ther reduced to 15 cm. on 
the third day. Every eight or ten hours the grain is turned, the floor being kept well 
ventilated. The temperature gradually rises, but should not be allowed to exceed 20° ; if 
necessary it may be moderated by turning more often and thinning out the barley. After the 

second day the radicles begin to sprout and 
later the plumule. In eight to ten days the 
rootlets become twice or three times as long as 
the corn and the transformation of nitrogenous 
material into diastase is at its maximum 
(Fig. 156 shows the various stages in the ger- 
mination of barley). The germination should 
then be interrupted so as not to lose any 
part of the diastase formed, the green malt 
then containing about 40 per cent, of moisture. 
A floor of .20 sq. metres is sufficient for only 1000 litres of steeped grain. If the piece dries 
too much, it is moistened by sprinkling with water. In order to prevent mould-growth 
when the floor is free, it, and also the walls, are washed with 1 per cent, calcium bisulphite 
solution, the floors being then well dried by yentilation.^ 

The germination is now sometimes carried out on the pneumatic system., use being 
made of the Galland apparatus (Figs. 157 and 158), which consists of a double sheet-iron 
drum, T, rotated by means of the wheels, b (two rotations, each occupying forty minutes, 
every six to eight hours). The inner drum is perforated and is filled to the extent of four- 
fifths with barley from the steeping tank, W ; along the axis of the cylinder passes a pipe 
which is also perforated. Air sucked in by a fan, Z, is moistened in A by means of jiul verised 
water, and from L passes into the jacket of the drum, then through the perforations and tlie 



^ In Germany beer must be made from malted barley alone ; in 1912 the Gemian breweries 
used 1,300,000 tons of barley (almost exclusively two-rowed), of which a small part only was 
imported from Austria. 

Barley contains 60 to 70 per cent, of starch, 0-5 to 2 per cent, of saccharose, 2 to 3 per cent, 
of fat, and 8 to 14 per cent, of proteins. 

At least 95 per cent, of the barley corns should germinate {germinative capacity), the 
germinaiive power, i. e., the rapidity of germination, also being of importance ; with a good 
barley, not less than 95 per cent, of the corns should germinate within three days. A barley 
with a germinative capacity of 85 to 90 per cent., and a similar germinative power is preferable 
to one having a germinative capacity of 100 per cent, and a germinative power of only 
70 per cent. 

In general barley rich in proteins is poor in starch and hence yields a malt of low extract, 
whereas protein-poor barley is rich in starch and gives a malt yielding a high extract. Buring 
mashing the starch passes almost completely into solution, whilst only about one-third of the 
protein substances is dissolved, the remaining two-thirds being found in the grains. 

Barley contains a diastase capable of saccharifying dissolved starch, but incapable of dissolving 
starch ; the latter end is attained by means of the diastase formed during the germination of 
the barley. 
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grain to the central pipe, m. Thence it proceeds to S, and so through the fan Z to the shaft ; 
a thermometer here shows the temperature of the air, and if this becomes too high the speed 
of the fan is increased. If 100 kilos of barley is taken and the air enters at 12° and issues 
at 20°, 4500 cu. metres of air is required per hour; if the air is to leave at 16°, 10,000 cu. 
metres per hour is necessary. The germination lasts eight to nine days. 




To stop the germination, a current of dry air, heated to 22° to 25° or mixed with gas 
rich in COg (to diminish the supply of oxygen), is supplied; in a short time the moisture 
content of the grain is reduced from 40 per cent, to 20 to 26 per cent. 

For a malting to give continuously 2000 to 5000 kilos per day, three to four steeping-tanks 
are used, these feeding six to eight Galland drums arranged in batteries (Fig. 169) ; 6 to 10 
horse-power is required for turning the drums, driving the fans, etc. 


The water necessary for steeping amounts to about 10 to 12 times the weight of 
the barley, rather less being required to moisten the air for pneumatic malting. The steep- 
water may hence be used again for the latter purpose if at any time the water-supply 
is scarce. 

Another system of malting, used especially in France, is that of Saladin (shown in 
perspective in Fig. 160, while Fig. 161 shows a longitudinal section of one of the vessels, 
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and Fig. 162 a transverse section of the vessels). There is one vessel, made of concrete 
and fitted with a perforated false bottom of sheet-iron, for each day that the germination 
lasts (eight to nine days). These vessels, B, communicate under the false bottom with a 
channel containing a fan which draws moistened air through the mass of barley in the vessel 
(50 cm. deep). Above each vessel is a slow mechanical turner, A, with a number of screws 
which rotate in the barley as the turner passes along the vessel. The turner may be trans- 
ported from one vessel to another and is put into operation twice a day at first (the tempera- 
ture of the barley being 12° to 14°), then four times a day (at 15° to 18°), and finally twice 
a day (at 18° to 16°). In some maltings a saving is effected by operating the fan only at 



Fig. 160. 


intervals — ^when the temperature rises. Dry air, drawn along the channels, 8^ is finally 
passed through the malt. 

The advantages of the various mechanical processes over the old system of malting 
are that they may be worked continuously and at any season of the year, while they occupy 
less space, allow of efficient regulation of temperature, economise labour and general expenses 
and diminish the percentage of waste. 

(4) KILNING OF MALT. The germinated barley is too moist to keep sound, and 
as breweries require large stocks of malt this must be dry and capable of being kept. If 
the moisture is reduced to 6 per cent, by air alone the germination process is stopped, and 
on subsequently raising the temperature to 60° a slight diastatic saccharification occurs. 



this being greater in amount if the moisture is kept at 12 to 15 per cent. ; beyond 70° the 
diastase is destroyed and certain substances formed which give good flavour, aroma and 
fullness of_^taste to the beer and at the same time furnish food for the yeast. When the 
temperature exceeds 100° part[|^of the maltose is caramelised — for the making of darfc he&rs 
— and a considerable amount of nitrogenous substances, which would cause the beer to 
keep badly, rendered insoluble. 

In order not to destroy too much of the diastase and to make malt suitable for ^aU 
beers the drying must first be conducted with only slightly warm air. When the proportion 
of moisture has reached 5 to 6 per cent, the diastase is able to withstand a temperature of 
60° to 70° without losing much of its activity, whilst if the malt is heated when it contains 
too much moisture (15 to 20 per cent.) the diastase is rapidly destroyed. The drying is 
carried out in a current of warm air (or of air mixed with the hot gases from a coke or 
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anthracite fire), which passes through the green malt placed in layers 15 to 20 cm. deep on 
wire or tile floors, often arranged one above the other. ' Above the upper floor is a chimney, 
which increases and facilitates the draught started by suitable fans. The air is heated by 
passing directly over a fire or through batteries of tubes heated in the usual way. During 
the drying the malt is turned by a suitable mechanical device, at first every two hours and 
later on continuously. The temperature of the air gradually rises, during the course of 
eighty-four to ninety hours, by 30° to 35° (during the first few hours germination still pro- 
ceeds feebly, causing increase in the diastase), and ends at 100° to 110° (for dark beers). 
Drying is usually effected in less than forty-eight hours, and it is only beyond 80° that the 
diastase partially loses its saccharifying properties (at 90° it loses 50 per cent, and at 100° 
85 per cent. ) ; this loss is, however, an advantage, since a 
too highly diastatic malt leads to excessive saccharification 
and hence to increased attenuation in the subsequent 
fermentation, so that the beer tastes less full. The peptases 
also are destroyed beyond 90°, so that the nitrogenous 
substances are dissolved to a less extent and the beer hence 
keeps better. 

Fig. 163 shows diagrammatically a section of a two- 
floor malt-kiln in which the air is heated in the tubing, t, 
surrounding the ducts carrying the hot fumes from the coal 
burning on the grate, F. The hot air then traverses the 
malt on the floors, B and C, and issues from the chimney, 

D, the turning apparatus, a, being kept in motion mean- 
while. To obtain 100 kilos of dry malt in twenty-four 
hours (maximum temperature 90° to 100° ) 20 kilos of coal 
are required. For making darh beers of the Munich type 
part of the kilned malt is further roasted at about 200° in 
suitable rotating iron cylinders heated by direct fire ,* this 
treatment leads to the formation of caramel, which colours 
the beer, the malt being then called coloured malt. The 
temperatures on the malting-floors and kiln are registered 
by automatic devices which construct diagrams showing 
the temperature at any particular moment. 

Nowadays malt for pale beers is sometimes heated only 
to 25° to 30°. 

The kilned malt leaves the kiln with 2 to 5 per cent, of moisture, and is then cooled and 
stored in silos or large bins. A malt kept for only one or two months is to be preferred to an 
older one.^ 

^ The commercial value of a malt is determined largely hy its yield of extract, which is measured 
as follows : 45 grams of ground malt are placed in a fared flask with 200 c.c. of water, the 
temperature being kept at exactly 46° for half an hour and then raised 1° per minute up to TO , 
this temperature being maintained until the liquid no longer gives a blue colour with iodine ; 
the time required at 70° to reach this point is noted (saccharification test). The mass is then 
cooled and water added to bring its total weight up to 450 grams ; after rnipng and filtering 
through a dry filter, the density of the liquid is determined at 16° and by Windisch's or Schulze s 
tables the corresponding quantity of extract deduced. The latter may also be obtained from 
Balling’s tables (see below), note being taken that they yield low values, the deficit being 0’08 
gram per cent, for specific gravities up to TOl; 0*345 for specific gravities up to 1*05; 0*48 for 
specific gravities up to 1*06; and 0*4 for specific gravities up to 1*08. If the maltose is to be 
determined directly, 10 grams of the filtered saccharine hquid (corresponding with 1 gram malt) 
are diluted to 100 c.c., various quantities of this liquid being then titrated with Fehhng’s 
solution, 1 c.c. of which corresponds with 0*0075 gram of maltose. 

C. Lintner (1886-1908) has modified the Kjeldahl method for determining the dMatic power 
of malt as follows : 25 grams of the ground malt are extracted for 6 hours with 500 c.c. of water 
at the ordinary temperature, the mixture then being filtered; 2 c.c. (for pale malts) or 8 ex. 
(for dark malts) of the filtrate is added to 100 c.c. of 2 per cent, soluble starch solution and the 

mixture left for exactly half an hour, at the end of which time 10 c.c. of caustic soda solution 

is added. Into a number of test-tubes, each containing 5 c.c. of Fehling’s solution, are intro- 
duced varying quantities of the saccharified starch solution (c. g., from 1 to 6 c.c.); the tubes 
are next immersed for ten minutes in a boiling water-bath and then taken out, and the pre- 
cipitated cuprous oxide allowed to settle ; it can then be seen in which of the tubes the Tehling’s 
solution is just completely reduced and in which it is just not reduced. A more exact result 
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Malt kilned with fumes direct from a coal fire communicates to the beer a certain 
flavour from the smoke. Also, when coal is employed which contains arsenic, the latter 
becomes deposited on the malt and hence finds its way into the beer. Arsenic may also 
be present in the glucose often used in brewing ; in this case it is introduced by the 
employment of arsenical sulphuric acid in the manufacture of the glucose from starch. 

(5) CLEANING AND GRINDING. Before the malt is mashed it is freed from dust 
and rootlets by means of rotating drums of metal gauze (a kind of sieve) furnished with 
fans. It is then ground, but not too finely, the husks being kept whole as far as possible, 
since they serve in the subsequent operations as filtering material ; if the malt is ground 
too fine it cannot be exhausted, as the liquid will not drain off. A suitable form of mill is 
the Excelsior Mill, made by Messrs. Krupp (Figs. 164 and 165). The shaft, g, fitted with 
fast and loose pulleys, s and C may be shifted from right to left or vice versa through the 
stuffing-boxes, m, by means of the lever, d. One toothed disc, a, is fixed, whilst the other, 
6, rotates with the axis, g, and is so adjusted that the teeth pass through the tooth spaces 
.of the other disc. The malt from the hopper, /, falls between the two discs, where it is 


may be obtained by using quantities of the saccharified starch solution intermediate to those 
corresponding with these two tubes. "When 0-1 c.c. of the cold water malt extract, acting for 
one hour on 10 c.c. of 2 per cent, soluble starch solution, forms just sufficient maltose to reduce 
6 c.c. of Fehling's solution, the malt is said to have the diastatic power 100 ; if 0*2 c.c. of the malt 
extract is required, the diastatic power is taken as 50, and .'^o on. 

BALLING'S TABLE 



Degrees 
Balling or 

Sp. gr. 

Degrees 
Balling or 


Degrees 
Balling or 


Deg!'ees 
Balling or 

sp. gr. 

grams of 

gr.ams of 

Sp. gr. 

grams of 

Sp. gr. 

grams of 

at 17-5* 

saccharose 
per 100 
grams liquid 

at 

saccharose 
per 100 
grams liquid 

at 17-5® 

saccharose 
per lUO 
grains liquid 

at 17-0® 

sacchaiosQ 
per 100 
grams liquid 

1-0010 

0-250 

1-0210 

5-250 

1-0410 

10-142 

1-0610 

14-904 

1-0020 

0-500 

1-0220 

5-500 

1-0420 

10-381 

1-0620 

15-189 

1-0030 

0-750 

1-0230 

5-575 

1-0430 

10-619 

1-0630 

15-371 

1-0040 

1-000 

1-0240 

6-000 

1-0440 

10-857 

1-0640 

15-604 

1-0050 

1-260 

1-0250 

6-244 

1-0450 

11-095 

1-0650 

15-837 

1-0060 

1-500 

1-0260 

6-488 

1-0460 

11-333 

1-0660 

16-070 

1-0070 

1-750 

1-0270 

6-731 

1-0470 

11-571 

1-0670 

16-302 

1-0080 

2-000 

1-0280 

6-975 

1-0480 : 

11-809 

1-0680 

16-534 

1-0090 

2-260 

1-0290 

7-219 

1-0490 

12-047 

1-0690 

16-767 

1-0100 

2-500 

1-0300 

7-463 

1-0500 

12-285 

1-0700 

17-000 

1-0110 

2-750 

1-0310 

7-706 

1-0510 

12-523 

1-0710 

17-227 

1-0120 

3-000 

1-0320 

7-950 

1-0520 

12-761 

1-0720 

17-454 

1-0130 

3-250 

1-0330 

8-195 

1-0530 1 

13-000 

1-0730 

17-681 

1-0140 

3-500 

1-0340 

8-438 

1-0540 

13-238 

1-0740 

17-909 

1-0150 

3-750 

1-0350 

8-681 

1-0550 

13-476 

1-0750 

18-136 

1-0160 

4-000 

1-0360 

8-925 

1-0560 

13-714 

1-0760 

18-363 

1-0170 1 

4-250 

1-0370 

9-170 

1-0570 

13-952 

1-0770 

18-590 

1-0180 

4-500 

1-0380 

9-413 

1-0580 

14-190 

1-0780 

18-818 

1-0190 

4-750 

1-0390 

9-657 

1-0590 I 

14-428 

1-0790 

19-045 

1-0200 

5-000 

1-0400 

9-901 

1-0600 

14-666 

1-0800 

19-272 


Correction of Degrees Balling for Various Temperatures 


Determin- 
ation made 
at tempera- 
ture of 

Correction 
of degrees 
Balling 

Detemina- 
tion made 
at tempera- 
ture of 

Correction 
of degrees 
Balling 

Determina- 
tion made 
at tempera- 
ture of 

Correction 
of degrees 
Balling 

Determina- 
tion made 
at < empora- 
ture of 

Correction 
of degrees 
Balling 

Deg. 

4 

-0-43 

Deg. 

11 

-0-22 

Deg. 

17-5 


Deg, 

24 

4 0-27 

5 

-0-40 

12 

-0-19 

18 

' + 0-02 

25 

4 0-32 

6 

-0*37 

' 13 

-0-16 

19 

+ 0-05 

26 

4 0-37 

7 

-0-34 

14 

-0-13 

20 

4-0-09 

27 

4 0-42 

8 

-0-31 

15 

! -0-10 ! 

21 

+ 0-13 

28 

4 0-48 

9 

-0-28 

16 

- 0-06 ! 

22 

+ 0-17 

29 

4 0-54 

10 

-0-25 

17 

- 0-02 

23 j 

+ 0-22 

30 

4 0-60 
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ground, the ground malt [grist] being discharged at n. For the sake of economy the discs 
are toothed on both faces, so that when one face is worn the other may be used. 

The total loss in weight suffered by the barley during steeping, germination, kilning, 
cleaning, and grinding amounts to about 20 per cent. 

(6) MASHING. This consists in subjecting the ground malt to the action of warm 
water so that the diastase may act on the starch and convert it into soluble products. The 
temperature at which the maximum 
extract is obtained is about 65°, whilst 
at 55° the starch is only very slightly 
attacked by diastase, and above 70° 
diastase loses its saccharifying pro- 
perties very largely and the wort 
filters through the grains (husks; see 
later) with difficulty — ^this effect is 
aggravated by coagulation of part 
of the proteins. The quantity and 
quality of the water have an influence 
on the mashing, the presence of 
calcium sulphate facilitating the for- 
mation of maltose and maltodextrins 
and increasing the amount of nitro- 
genous substances dissolved. From 1 
ton of malt 20 to 30 hectolitres of beer 
are made. 

There are two systems of mashing : 
the infusion method (at 65° to Piq, 154 , 

72°), used only in top-fermentation 

breweries, and the decoction system, used for bottom-fermentation and sometim^ for 
top-fermentation beers, and with highly diastatic malt or when unmalted barley is used 
with the malt. 



(I) The infusion process, used largely in England and Scotland, less in France and 
still less in Germany, is usually carried out in one of two ways : (i) Rising infusion, where 
the malt is first mixed to a paste with 10 per 
cent, of cold water and then with hot water , 
in the ratio of two parts of water to one ' 
part of malt, so that a temperature of 40° is 




attained. To raise the temperature of 1 kilo of malt (which has a specific heat of about 
0*5) from 20° to 40° requires 10 Calories, which can be supplied by 2 litres of water at 
45°, the latter falling to 40° on losing 10 Calories ; owing, however, to unavoidable loss 
of heat, water at 48° to 50° should be used. 

This mixing is done in a circular mash-tun of metal or wood, furnished with a perforated 
false bottom several centimetres above the true bottom, in which are fitted the pipes 
supplying the hot water (Fig. 166). The mashing and subsequent mixing are effected 
by efficient mechanical stirrers or rakes. 
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As soon as the mash has reached the temperature of 40° water at 80° is gradually 
introduced, the temperature being raised to 63° to 65° in half an hour. It is next 
mixed for sixty to seventy minutes, the liq[uid being then discharged by opening the 
taps under the false bottom so that the liquid passes through the grains and is conducted 
to the copper. The residue in the tun is mixed for fifteen minutes with water at 75°, the 
liquid being run oS and the grains finally washed with water at 85°, all these extracts 
passing to the copper. In this way almost complete saccharification is attained and the 
subsequent fermentation produces considerable attenuation. If a less attenuation is 
desired, either a higher temperature (72° to, 73°) is used in place of 65°, or high-dried 
malt is used. 

(ii) Descending infusion^ which is rarely used, consists in bringing the mass directly to a 
temperature of 65° to 70° with very hot water and then allowing it to fall slowly to 35° 
to 40°. 

Neither of these methods admits of the use of rice or maize, the starch of which is 
attacked by diastase only after the starch has been heated with water to 80° to 85°. Hence 
with such material the decoction process is used. 



Fig, 1G7. 


(II ) Decoction Process. This is largely used in North Germany, Austria, and Belgium, 
and allows of the use of unmalted barley, rice, maize, wheat, etc. 

The malt grist is first mixed to a paste with cold water so as to dissolve the diastase, 
this being carried out in a metal vessel without a false bottom ; by the addition of small 
quantities of boiling water the temperature of the mass is raised gradually to 35°. From 
one-third to one-half of the turbid wort {Dickmaische) is transferred to a double-bottomed 
copper heated with steam. In many cases coppers with direct-fire heat are used, these 
being furnished with chains which scrape on the bottom and so prevent caramelisation of 
the mass which settles (Fig, 167 shows a complete decoction or infusion plant). The 
wort transferred to the copper is boiled for twenty to forty minutes and is then returned to 
the original tun, where it raises the temperature to about 55°. Another one-third or one- 
half is similarly removed, boiled, and returned, the temperature being thus raised to 65° ; 
the saccharification has then reached a maximum and the mash become thinner. The 
complete disappearance of starch is controlled by the reaction with iodine. About one-half 
of the wort is again removed, boiled, and returned, the temperature being thus raised to 
75°. During all these operations continual stirring is maintained. The greater the number 
of decoctions made the greater will be the density of the wort and the darker the beer. 
The turbid wort is either allowed to deposit in tuns with false bottoms, as shown in Fig. 
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166, or passed through filter-presses {see Sugar Industry) to clarify it, the grains remaining 
in the form of cakes being well washed.^ 

When considerable quantities of other cereals are to be used with the malt use is made 
of a Henze pressure apparatus, as described under Distilling (Dig. 106, p. 142). 

The wort thus obtained is boiled with a certain quantity of hops until a certain degree 
of concentration has been effected. This boiling finally destroys the diastase, intensifies 
the colour of the wort and aerates it, and oxidises various substances producing acid bodies ; 
it completely sterilises the liquid, which is also clarified owing to the precipitation of nitro- 
genous substances, partly by the tannin of the hops. 

The decoction of the hops is carried out in a separate vessel, the boiling liquid being 
continually circulated until the hops are exhausted. The decoction is then added to the 
boiling wort, principally tow'ards the end of the operation; if added earlier the hop extract 
loses some of its aroma. Direct addition of the hops to the copper is still practised, although 
the method is not a very rational one ; it is better to pass the boiling wort from time to time 
into a separate vessel containing the hops and then back to the copper, this procedure 
being repeated until the hops are exhausted. 

In general, 400 to 500 grams of hops are used per hectolitre of beer, or T2 to 2‘5 kilos for 
every cwt. of malt mashed. More hops are usually employed for beers to be kept for 
some time {lager leer, stock ale) than for draught leer, and more for beers of the Pilsen type 
than for those of the Munich type. The lupulin powder contained in the hop gives up resins 
and essential oils, while the leaves give taimin and the stalks somewhat bitter substances ; 
the whole gives the bitter taste and aroma of the beer, and causes the latter to keep better. 
A temperature of 75° (Pasteur) is sufficient to sterilise a hopped beer, since the resins have 
a marked antiseptic action. 

The loiling of the wort is carried out in copper vessels (see Fig. 167, a) heated by direct 
fire or by indirect steam (passed through coils or through the double bottom of the copper), 
the boiling being continued for four to six hours with dilute worts (infusion), and only one 
and a half to two hours with the more concentrated decoction worts ; as a rule boiling is 
continued until the density reaches a certain value for the particular kind of beer to be made 
{see later). The temperature during boiling should be gradually raised and registered. In 
many modern breweries there are automatic registering thermometers which show the whole 
course of these operations. When the boiling is finished the wort is allowed to stand for a 
time, and the Inland Eevenue officials then generally make their first measurements (they 
calculate that 1 kilo of dry malt should give 25 litres of wort with a density of 1° Bailing, 
5 litres at 5°, etc., an allowance being made of 10 per cent.). The copper is then dis- 
charged, the hops being strained off, and the wort pumped to the cooler, which is usually 
at the top of the building. These coolers are large shallow vessels of iron (or copper or 
wood) in which the coagulated proteins are deposited; the temperature here is not allowed 
to fall below 65° to 60°, otherwise contamination with harmful organisms (butyric, lactic, 
etc.) might occur. In Italy the tax on the manufacture of beer is calculated from the 
volume, temperature, and specific gravity of the w'ort in the cooler {see later). In the cooler, 
part of the water evaporates, this being as much as 4 per cent, in the summer. The wort 
is next cooled rapidly by suitable refrigerators to 2° to 3° (for bottom fermentation) or 
12° to 15° (for top fermentation). One form of refrigerator which is much used consists of 
a number of superposed, communicating horizontal tubes (Fig. 168). In the tubes of 
the upper half water circulates, and in those of the second half brine at a temperature 
of — 6° or — 8° from a refrigerating machine (see Vol. I., p. 260). The wort flows down in 
a thin skin over the outside of the tubes, meanwhile dissolving an appreciable quantity 
of air. The cooled and aerated wort flows down to the fermenting vessels placed in cool 
rooms ; for bottom fermentation these are cooled to about 0° by pipes conveying cold 

^ The grains are composed of the whole of the husks of the malt, coagulated proteins, 
pentosans, fat, maltose, and dextrin. They serve as excellent cattle-food, but if not consumed 
in the course of 24 hours, they undergo change ; they may, however, be placed in silos or dried 
in a suitable apparatus {see Eg. 151, p. 183). Wet grains contain 70 to 80 per cent, of water, 
4 to 6 per cent, of protein, 1 to 3 per cent, of fat, 8 to 14 per cent, of extractive substances, • 
1 to 3 per cent, of ash, and 3 to 9 per cent, of cellulose. Dried grains contain 6 to 18 per cent, 
of water, 17 to 26 per cent, of protein, 4 to 9 per cent, of fat, 35 to 55 per cent, of extractive 
substances, 3 to 12 per cent, of ash, and 9 to 20 per cent, of cellulose ; they have a brown colour, 
a pleasing odour of new bread, and a sweet taste ; they make a good fodder to follow wheat or 
oat bran. 
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brine. The wort from the coolers is turbid and should be filtered through conical cloth 
bags or filter-presses. In some modern breweries the coolers are omitted in order to avoid 
any possible contamination (which is, however, difficult with hopped wort at 60°) and 
the w'ort is passed direct from the copper to the closed refrigerator and the filter-press, 
aeration being afterwards effected with air filtered through cotton-wool. 

The refrigerators consume considerable quantities of water, and where this is scarce the 
warm water from the refrigerators is cooled by means of pulverisers or by causing it to flow 
down over twigs, the evaporation thus caused often lowering the temperatui’e below that of 
the air (see section on Sugar). The boiling of the wort has hence effected a concentration, 
the preparation of a sterile (aseptic) liquid, and the extraction of the useful principle of the 
hop, the tannin of which has partially precipitated the proteins- If pale beer is to be brewed 
the wort may, if necessary, be clarified during the boiling by the addition of a little tannin. 
During the cooling on the coolers the wort takes up the oxygen necessary for the oxidation 
of the resins, for clarifying it and, more especially, for aiding the development and multiplica- 
tion of the yeast during the initial stages 
of the fermentation. 

Contact of the wort with tin, e. g., 
tinned vessels, is to be avoided, as 
turbidity of the beer may be caused 
thereby, especially if the wort is acid or 
rich in carbon dioxide. 

FERMENTATION. From the 
density (degrees Balling) or the dry 
extract of the wort, the extract 
yielded by the materials may be 
deduced, and, under favourable 
conditions, the dry extract amounts 
to about 70 per cent, of the weight 
of the malt, whilst with bad working 
it may be as low as 45 per cent. 
When ready for fermentation the 
wort contains mainly maltose, malto- 
dextrins, dextrins, a little saccharose, 
glucose, and levulose, besides nitrogenous substances partially peptonised and 
transformed into amino-acids; also lactic acid and potassium phosphates. 
Fermentation with yeast converts the carbohydrates more or less completely 
into alcohol and carbon dioxide.^ 

^ In addition to what has been said on pp. 133 and 146 on ferments and yeasts in general, 
the following is of interest, especially to the brewing industry ; 

All yeasts which attack only saccharose, maltose, glucose, and levulose, giving alcohol and 
carbon dioxide, are fseUy altemiating yeasts of the so-called Saaz typo (e. g., the becr-yeasts 
of Liege, which yield fairly full-tasting sweet beers containing little alcohol). Other yeasts 
are also capable of fermenting the combined maltose of maltodextrins by means of a special 
enzyme studied by Delbriick, maltodexlrinase; these yeasts give the maximum attentuation 
and form the so-called Frobberg type, producing alcoholic, highly attentuated beers even from 
weak worts. Between these typos — Saaz and Frohberg — there exist intermediate ones giving 
in 4 days at 25° to 27°, well-defined attentuations in a normal wort. 

Certain other yeasts are capable of fermenting dextrin combined as maltodextrins, since 
they contain an enzyme which Delbriick has termed d&xtrinase. Such is the ScMzosaccltaromi/ces 
Pomhe, separated from the millet beer of the Egyptians. These yeasts constitute the so-called 
Logos type. Wild yeasts are all strongly attenuating and may produce turbidity in finished, 
slightly fermented beers, which they referment. The yeasts intermediate to the Saaz and 
Frohberg types, and also Erohherg yeasts themselves, are especially active in the secondary 
fermentation; they increase the apparent fullness of the beer, even when this is light, and 
maintain a continuous and desirable evolution of carbon dioxide by slowly fermenting the malto- 
dextrins and even dextrins. In order to grow and multiply, yeasts require, in addition to 
carbohydrates and free oxygen, nitrogenous substances, but they cannot make use of nitrates, 
or ammonium salts, or even the true proteins; they can, however, utilise the decomposition 
products of the latter, namely, the amino-acids (such as asparagine) produced by the proteolytic 
enzymes secreted by healthy yeasts. They require also mineral substances, e, calcium and 
potassium phosphates. 

The oxygen of the air is, as has been said, indispensable to the development and multiplication 



Fig. 168. 
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The concentration of the wort most favourable to the multiplication of 
yeast is 15° Balling (corresponding with a specific gravity of 1*06).^ A too 
dilute wort or one prepared with an excessive proportion of non-germinated 
grain has not sufficient assimilable nitrogenous food (amino -acids), and this 
is remedied by the addition of zymogen, which is a commercial product. During 
the period when the yeast develops (fiirst stage of the fermentation) httle 
alcohol and much carbon dioxide are produced. 

Two distinct methods of fermentation are in use : top fermentation, used 
generally in Great Britain, Belgium, and Holland, and largely in France, and 
also, at one time, exclusively in Italy ; and bottom fermentation, usually employed 
in Germany, Austria, and Denmark, and in general use in countries where 
beers of the Munich and Pilsen types are made. In hot countries it is easier 
to regulate bottom fermentation (by refrigeration) than top fermentation, 
since in summer the temperature of the air is often high enough to have an 
injurious effect on top fermentation. Hence, as a refrigerating plant is necessary, 
the bottom fermentation system is preferable. 

The difference between bottom and top yeasts is that the latter are covered 
with viscous, mucilaginous substances and readily stick together and carry 
bubbles of carbon dioxide developed in the wort to the surface and so produce 
a rapid fermentation; the former, however, fall to the bottom of the fer- 
menting vessel, and even under the microscope are not found in large masses. 
Top yeasts develop well only at temperatures above 12° — best at about 24° 
— and effect complete fermentation in four to six days, whilst the bottom 
yeasts develop below 10° and, after the vigorous primary fermentation at 6° 
to 8° (eight to ten days for Munich beer, ten to fourteen for Vienna beer, and 
twelve to sixteen for Pilsen beer), continue the maturation of the beer for two or 
three months by a secondary fermentation at a low temperature (0° to 2°) ; 
this 'procedure gives beers of less attenuation which can be produced or con- 
sumed even in summer {lager beer). Top-fermentation beers are almost always 
more highly attenuated, are consumed at once {draught beer), and are made 
more especially in the cold weather ; they can, however, be kept, and in some 
cases stock beers are made on this system. 

The advantages and disadvantages of the two processes are as follow : 

Top fermentation does not require costly refrigerating plant, and hence lends itself 
to the construction of small breweries; further, the beer can be sold immediately, and 
the capital, although small, thus frequently renewed each year. The control and successful 
working of top fermentation are, however, more difficult, owing to ready contamination 
with numerous harmful bacteria which find at 15° to 20° the most favourable conditions for 
their development, especially in the summer; in bottom-fermentation beers only yeasts 
can develop at 0° to 2°. 

With top fermentation, in which at first yeasts of the Saaz type and those intermediate 
to the Saaz and Frohberg types predominate, there develop later bacteria and also Frohberg 
yeasts (especially during the secondary fermentation), and both of these render difficult the 
preparation of a clear beer which does not become tuibid after fermentation ; on the other 
hand, a bright beer is easily and naturally obtained by bottom fermentation. In summer 
then, unless an abundant supply of cold water and also cool cellars are available, and 
rigorous precautions and disinfection are resorted to, it is very difficult to prepare top 
fermentation beer, whilst the low temperature required for bottom fermentation can 
be attained at any season of the year by refrigerating plant. Bottom fermentation gives 

of yeast, and well-aerated worts facilitate the multiplication during the first few days, when only 
COg and HaO are produced ; when, however, the supply of free oxygen diminishes or ceases, 
the yeast produces more especially alcohol and carbon dioxide. There are also saceharomyces 
which are solely aerobic and form membranes on the surface of the wort, producing only carbon 
dioxide and water and destroying the alcohol produced by other yeasts. 

^ The strengths of the worts for beers of different types are : 9° to 10° Bailing for light leers ; 
12° to 13° for draught leers (Schenkbier) ; 1.5° to 20° for double leers (Bock or Salvator leer); 
and up to 25° for table leers. 
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beers of a more constant type, since the mother-yeast from successive fermentations does 
not become contaminated so easily as, and hence requires renewal less frequently than, with 
top fermentation.^ 

When a large amount of yeast is added to a wort the fermentation is initiated and 
completed more rapidly; with small quantities the same result is obtained, but after a 
longer time, so that there is more danger of contamination. Usually 250 to 300 grams 
of pressed yeast is used per hectolitre of wort — rather more for strong worts. 

Especially with top, but also with bottom fermentation, it is most important that all 
instruments, vessels, and rooms should be kept clean and disinfected. Eor this purpose, 
boiling water is used and also dilute solutions of hydrofluoric acid, ammonium fluoride, 
ammonium fluosilicate, calcium bisulphite, or calcium hypochlorite. In all cases, however, 
great care must be taken to remove the disinfectant completely with abundant supplies of 
hot water, in order that the yeast may not be injured. Chloride of lime is eliminated by 
rinsing first with bisulphite solution and then with hot water. Even traces of bisulphite 
(sometimes added during mashing to prevent the action of lactic ferments) must be com- 
pletely eliminated, otherwise, during the alcoholic fermenialion, which is a process of reduction, 

they may yield hydrogen sulphide and 
so give a bad taste and odour to the 
beer. (Bacteria capable of producing 
hydrogen sulphide sometimes develop 
in beer.) 

The yield and quality of the beer 
may be improved by adding a pure 
cultm’e of lactic acid bacteria (prefer- 
ably Bacillus Delbriicki, see p. 152) at 
the time of pitching {i. e., addition of 
the yeast). 

Whatever system of fermentation 
is used, it is always divided into two 
phases : the primary or vigorous, and 
the secondary. The primary fermen- 
tation begins twelve or twenty-four 
hours after pitching, when the yeast 
has grown to some extent at the 
expense of the dissolved oxygen, and 
continues for three or four days in the 
case of top fermentation or for ton to 
twelve days with bottom fermenta- 
tion ; considerable quantities of carbon 
dioxide are developed, these forming 
a dense, white, frothy head on which 
may be seen brownish spots of hop resin or agglutinated bacteria. In top fermentation, 
this first head is removed, the next darker one being collected for pitching purposes. 

In the bottom fermentation system, and in large modern breweries in general, in order 
that the yeast may be kept as pure as possible, the pitching is carried out in the manner 
described on p. 152 for distilleries. 

^ With top fermentation, the type and taste of the beer are determined by the united activity 
of a number pf different yeasts and bacteria which arc present in given equilibrated proportions, 
these becoming modified as contamination increases. When the yeast is renewed, the pure 
yeast naturally gives a different taste to the beer, and this inconvenience cannot bo avoided by 
preparing a mixture of yeasts and bacteria similar to that normally present in the partially 
contaminated top fermentation. New pure yeasts are less resistant to contaminating sur- 
roundings than old ones are. 

Attempts are made to-day to keep the fermentation pure as long as possible by the use of 
good hops, the resins of which exert an agglutinating and paralysing action on the bacteria, so 
that these can be removed from the tun with the first scum forming on the -surface of the 
fermenting wort; the purer yeast of succeeding heads is then collected for pitching subsequent 
worts. When the collection of the yeasts is delayed, that of the Erohberg type increases. With 
the object of maintaining the cultures naturally pure and constant, Effront has proposed the 
addition of alieiic acid~a component of Iwpulin and of colophony — to agglutinate and render 
innocuous the bacteria in fermenting worts {see also p. 167). Thus, after elimination of the 
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During the primary fermentation, a considerable quantity of heat is evolved, and to 
prevent the temperature exceeding 22° to 25° in top or 7° to 8° in bottom fermentation, 
attemperating coils, through which cold water (top) or brine (bottom) passes, are used to 
cool the fermenting wort [F, Fig. 169). Each fermenting vat is provided with a slate, 
etc., on which are noted, each day, the temperature and the specific gravity of the wort; 
the attenuation should reach 58 to 62 per cent, in the primary fermentation and 70 to 
75 per cent, in the secondary fermentation, in order that the beers may keep in the warmer 
rooms of the consumers.^ When the vigorous fermentation is ended, the head falls and 
almost disappears, carrying to the bottom of the wort the suspended yeast ; in this w^ay 
the secondary fermentation is started, this being allowed to proceed for fifteen to twenty 
days in the trade casks placed in cellars at 10° to 12° (for top fermentation) ; the beer is 
then cleared, filtered, and sold. In bottom fermentation, on the other hand, the secondary 
fermentation is completed in large tuns pitched inside {see later ) ; these are not quite filled 


bacteria with the first scums, purer yeast can be collected and washed with jiure water or, better, 
with water containing a little hydrofluoric acid or ammonium fluoride (5 to 10 grams per hecto- 
litre), which attacks the bacteria, but not the yeast. It cannot, however, be denied that, in 
general, washing produces considerable weakening of yeast, which may be reinvigorated by 
preliminary growth in sterilised, unhopped wort. 

1 Determination of the Attenuation and of the Apparent and Real Extracts of Beer. The 
apparent extract is deduced from the density of the well-shaken (to remove COg) beer and the 
corresponding number of degrees Balling. The real extract is deduced from the specific gravity 
(and Balling’s tables) of the beer freed from alcohol by evaporating it to one-third of its volume 
and making the residue up to the original volume. The original extract of the wort may be calcu- 
lated with moderate accuracy by adding to the real extract the amount of alcohol (determined 
as in wine, p. 174) multiplied by 1-92. 

The degree of real attenuation {A) is referred to 1 hectolitre of wort and indicates how many 
parts per 100 of the extract of the wort are transformed into alcohol and carbon dioxide ; it is 
obtained by means of the following formula : 

' X 100, 

where D represents the percentage of extract in the wort and d the percentage of real extract of 
the beer. 

In practice, the percentage of extract is sometimes replaced by the degrees Balling, but the 
results thus obtained are not very exact. If we make D = 15° Balling and d = 5°, the real 
attenuation becomes ; 

, 15-5 

A = — jg— X 100 = 66*66 per cent. 

It cannot, however, be denied that Balling degrees refer to kilos of sugar or of extract in 100 
kilos of solution, so that a wort showing 15° Balling (sp. gr. 1*0615) contains 15 kilos of extract 
per 100 kilos of wort, or 15-922 kilos (*. e., 15 x 1*0615) in a hectolitre of wort; the beer, free 
from alcohol, showing 5° Balling, has a sp. gr. 1-020, and 1 hectolitre contains 5*100 kilos of 
extract, so that 10*822 kilos of extract has been fermented and the true attenuation is 
10*822 ^ 

15*922 ^ ~ 

Practical brewers find it more convenient, in considering the degree of attenuation of a wort, 
to calculate the degree of apparent attenuation {A') from the apparent extract of the beer d by 

means of the. formula. A' = ^ X 100 ; for example, a wort of 16° Balling has the sp. gr. 

1*0658 and 1 hectolitre contains 17*05 kilos of extract, while the beer, with 7° Balling of apparent 
extract, has the sp. gr. 1*0281, corresponding with 7-20 kilos of extract per hectolitre. The 

apparent attenuation is hence — — X 100 = 57-9 per cent. 

The attenuation may be deduced in a rather less exact manner if instead of degrees Balling 
is used degrees of the legal densimeter (i. e., the figures in the second decimal place of the specific 
gravity, a value of 1*063 for the latter thus corresponding with 6*3° on the legal densimeter). 
In the above example, 16°_Balling corresponds with sp. gr. 1*0658, hence with 6*58° on the densi- 
meter; similarly, 7° Balling corresponds with 2*81 densimeter degrees. Hence the apparent 
attenuation is given by : 

6-58-2*81 

= g:gg — X 100 = 57*3 per cent., 

which differs little from the value calculated above from the degrees Balling, and is sufficiently 
exact for practical purposes. Hence, both for real and apparent attenuation, Balling’s tables 
may be dispensed with, it being sufficient to determine the specific gravity. It should be noted 
that the legal density expresses the weight of wort contained in the volume occupied by 1 kilo 
of water measured at 17*5°. 



208 ORGANICCHEMISTRY 

and are kept for one to three months in cellars maintained continually at 0° to 2°, where the 
beer acquires the desired attentuation and its characteristic flavour. The yeast which is 
deposited in the fermenting vessels may be collected, pressed (p. 149) and sold to bakers 
or small brewers. 

In some breweries the carbon dioxide is now drawn off from the fermenting vats, which 
are fitted with covers, by pumps and, after being passed through potassium permanganate 
solution to purify it, the gas is then liquefied {see Vol. I,, p. 480) ; it may be either utilised 
in the brewery itself or sold. 

The fermenting vessels and the storage casks are constructed of oak or pitch-pine. 
The use of glass vats has been proposed, as these retain the pure flavour of the beer ; such 
a vat to hold 42 hectolitres cost about £40 before the war. The inner walls of the vats are 
sometimes coated with shellac, paraffin wax or pitch. The cellars have walls and floor of 
concrete (1 metre higher than the first aqueous border of the subsoil) so that they may be 
washed when necessary ; the roof is of brickwork. These cellars are furnished with draughts 
to remove the carbon dioxide, with double doors (always on the north side) to prevent the 
entry of warm air from outside and with electric lighting so that windows, which dissipate 
the cold, may be avoided. The vats and casks are raised 50 to 60 cm, from the ground and 
are inclined slightly forward so that they may be emptied completely and easily cleaned 
from outside. Along the ceiling run pipes for the circulation of cold brine (bottom fermen- 
tation), which maintain a temperature below 6° in the fermentation cellars and one of 
0° to 2° in the lager cellars. 

Ten or fifteen days before the beer is run off from the lager vessels — ^which have been 
several times filled up to avoid contact of the beer with the air and consequent danger 
from acetic ferments — the bung-hole is tightly closed so as to supersaturate the beer under 
slight pressure with carbon dioxide, which is still developed more or less feebly according 
to the state of maturity of the beer. If a beer contains, say, 0*15 to 0*25 per cent, of 
COg before the bung-hole is closed, it will subsequently contain 3 to 8 per cent., which 
considerably enhances the keeping properties. 

Nathan-Bolze Rapid Process (Ger. Pat. 135,539, 1900). This process was tested on 
an industrial scale in 1904 in the Fermentation Institute at Berlin, and gave satisfactory 
results. The application of the process has not, however, progressed as rapidly as was 
hoped for a process which allows of mature beer being prepared in eight to ten days, and 
works under conditions of sterilisation formerly attainable only in the laboratory or in the 
manufacture of spirit by the Amylo process (p. 155). The hot, sterile wort from the 
copper passes into a large, hermetically sealed, sterile vessel of enamelled iron (a special 
resistant enamel being employed) surrounded by an iron jacket through which water can 
be passed. These vessels have a capacity of 125 hectolitres or more and are called Hansena 
vessels. They are provided with powerful stirrers (Fig. 170), which keep the wort in con- 
tinual motion during the fermentation and thus accelerate the transformation of the 
maltose into alcohol and carbon dioxide. 

After the temperature of the wort has been lowered to 50° by passing water through 
the jacket and the diminution of pressure (owing to the condensation of steam) compen- 
sated by the admission of sterilised air, the latter (which has served also to aerate the 
wort) is replaced by carbon dioxide, the cooling being continued to 10°. The pure yeast 
is then introduced through suitable pipes, the mass being slightly stirred at intervals 
of an hour. The gas developed is removed in order to hasten the fermentation, and is 
washed with permanganate, part of it then being compressed (see above). The carbon 
dioxide which is not compressed is utilised to remove the new beer flavour from beer already 
fermented in the Hansena vessels ; the gas is passed in at the bottom (after removal of 
the yeast sediment) at the ordinary temperature, the mass being continually stirred mean- 
while, it being the carbon dioxide which effects the elimination from the beer of the volatile 
products to which the disagreeable taste and odour of new beer are due. The gas issues 
from the top of the vessel, passes to the purifiers and is again conducted through the beer, 
this process being continued for ten hours on end. The primary fermentation is finished 
is less than three days, and, after the passage of gas through the beer is completed, the 
temperature is lowered to 0° and the beer saturated for twenty-four hours with slightly 
compressed carbon dioxide. The beer is finally filtered and delivered to the trade casks, 
where it keeps well even in the hot weather. 

Such a process, simple, rapid, and economical (the cost of the beer being diroinished 
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by about 25. %d. per hectolitre), although it does not give a very delicate flavoured beer, 
should be suitable to hot countries and to small breweries. Several European breweries 
already work on these lines, and in 1907 one was constructed at Milan to emploj- 
a modification of the Nathan patent, consisting of a system intermediate to the old process 
with open fermenting vessels and that devised by Nathan; in this case enamelled iron 
vessels are used both for the primary fermentation and for the maturation (three to four 
These vessels cost about £1 for each hectolitre of capacity. 

If to the Nathan process is added the Meura system of mashing (1891) — which has 
rendered the preparation of the wort as simple as possible by mashing the finely ground 
malt in a horizontal cylinder fitted with stirrers so that the mash may be rapidly cooled 
or heated and wort ready for 
passing to the filter-press and 
thence to the copper obtained 
in an hour — it will be under- 
stood how the manufacture of 
ordinary beer has been shorn of 
those practical and theoretical 
difficulties long regarded as 
insurmountable. 

RACKING OF BEER. 

Beer is delivered to the con- 
sumer in bottles and in casks, 
and should be perfectly bright, 
cold, and supersaturated with 
carbon dioxide. To render it 
bright, the old method of 
clarification with gelatine or of 
filtration through bags has now 
been largely replaced by the 
use of the filter-press, which 
acts more rapidly and yields 
brilliant beer. The filtration 
is carried out in suitable frames 
through filter-cloths or, better, 
through finely divided cellulose 
(such as is used in paper- 
making) under a pressure of 
about half an atmosphere. 

These filter-presses are the same 
in principle as, and little 
different in form from, those 
which are used for the filtration 
of saccharine liquids and am 

cask is clarified by mixing with ^ Piq, 

the beer a small quantity of 

finings, which consist of isinglass “ cut ” or dissolved in an acid, such as tartaric, 
sulphurous, etc. ; these finings are gradually deposited on the bottom of the cask and 
carry down with them any suspended protein substances, hop-resins, etc.) Bottling is 
to-day carried out with all the care employed in the preparation of sparkling wines. 

A few lines may be devoted to the preparation of beer-casks, since the methods employed 
are peculiar to the brewing industry. 

In order that beer for retail consumption may retain its flavour, it must be kept cool 
and saturated with carbon dioxide up to the moment when it is drawn off into the customers’ 
glasses, and for this purpose the use of liquid carbon dioxide with the arrangement shown 
in VoL I., p. 483, is well adapted. 

RESI'NING or pitching of casks. The keeping of beer sound depends largely 
on the cleanliness of its surroundings and of the vessels in which it is stored. Hence 
VOL. n. 14 
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tile casks, returned empty from the customers, are first well scrubbed and washed both 
inside and outside with water under pressure by means of automatic plant (Fig. 171), 
and are then disinfected by means of formalin vapour or other antiseptics, or, better still, 
by pitching the internal surface with natural or artificial resins, which should be transparent 
and have a melting-point of about 50° ; in this process, which was first used in Bavaria, 
and is nowadays largely employed all over the Continent, aromatic resins are no longer 
used, mixtures of colophony with other residues from the distillation of turpentine being 
prepared by fusion and then rendered more elastic by the addition of resin oil (10 per 
cent. ), Use is sometimes made of a fused mixture containing 50 parts of Burgundy pitch. 



20 of stearine, 10 of Japan wax, 10 of paraffin 
wax, 5 of Venetian turpentine, and 5 of gum 
dammar. To free the casks from the old resin 
and coat them again every time they are 
returned to the brewery, they are heated inside 
by means of air supplied from a Boots blower, 
B (Fig. 172) and heated by passing through 
red-hot coke, the hot air being forced into the 
casks through the tubes, D, for five minutes. 
The old pitch is discharged and the new pitch 
(about 200 to 250 grams per hectolitre), fused 


Fig. 171. 


and heated to 250°, introduced into the sterile 


cask. The bung-hole is then closed, the cask 
rotated automatically for a few minutes, the excess of pitch poured out, and the rolling 
of the cask continued until it is cold. The lager- vessels used for the maturation of the 
beer are treated in a similar way. 

PASTEURISATION. Beer, more than wine, is subject to numerous changes and 
diseases (turbidity due to inferior materials, incomplete saccharification or excess of 
proteins; acidity caused by acetic or lactic acid; stinking fermentation produced by 
various bacteria, etc.), and it is difficult to remedy these inconveniences except by improve- 
ment in the methods of working. In order that beer may remain unchanged when kept 
for a long time in bottle or when sent to hot places, it is advisable to pasteurise it. The 



Fig. 172. 



bottles are tightly stoppered and placed in vessels containing cold water, which is then 
gradually heated to a maximum of 60° to 65°, this temperature being maintained for ten 
minutes; the vessels should be covered so as to avoid danger from breakages. The 
water-bath is subsequently allowed to cool slowly to the ordinary temperature. Top- 
fermentation beers are rarely pasteurised, as they sometimes acquire an unpleasant flavour 
under this treatment ; bottom-fermentation beers, however, undergo no change and keep 
good even for ten years. 

In large breweries, very efficient pasteurising apparatus is employed, the bottles being 
moved automatically in suitable vessels through which the water moves in the opposite 
direction. 

Of the many improved forms in use at the present time, the Gasquet circular type is 
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siiown in Fig. 173. Here the chambers are filled successively with baskets of bottles, 
which are raised by suitable cranes. The water, at a gradually rising temperature, 
is drawn from each chamber by means of a tube communicating with a pump, heated 
by a central thermo -syphon, and then passed on to the succeeding chamber. A bell rings 
every five minutes as a signal for the bottles of a cool chamber to be removed and replaced 
by fresh ones. 

The bottles are made of a special glass, which diminishes the proportion of breakages 
to less than 1 per cent. 

ALCOHOL-FREE BEER. A proposal has recently been made to manufacture 
beer containing no alcohol by treating wort directly at 0® with yeast which has" previously 
been subjected to special treatment effecting the destruction of almost all the zymase 
but not that of the peptase and other proteolytic enzymes ; the carbohydrates hence give 
no alcohol, the proteins alone being decomposed. These yeasts remove the flavour of 
fresh wort, the beer being used before alcoholic fermentation begins (Ger. Pat. 180,128"). 


COMPOSITION AND ANALYSIS OF BEER. The most varied types of 
beer are found in different countries, and of each type there are usually the 
two qualities — fale and darh?- The density varies from 1*010 to 1*030, and 
the amount of alcohol usually from 3*5 to 4*5 per cent, by volume, although 
export beers often contain 5 to 5*5 per cent, of alcohol, and certain special 


^ The compositions of some of the best-known beers are as follow : 



Alcoliol 

Extract 

Ash 

Eeal 

attenuation 

Pale Berlin beer 

Per cent, 
by Tol. 
3-91 

Per cent, 
by vol. 

4-85 

Per cent, 
by TOl. 

0-14 

Per cent, 
by rol. 

60-50 

Berlin lager beer 

Export Bavarian beer .... 

4-00 

6*15 

0*20 

54*70 

4-78 

10*67 

0-29 

45*44 

Munich Spaten beer ( at Munich) 

3-23 

6*61 

0-28 

48-40 

„ ,, „ (at Milan) . 

„ Salvator beer .... 

6-23 

— 

— 

— 

4-64 

9*08 

0-28 

49-00 

„ Spaten table beer .... 

7-0 

10-35 

— 

57-40 

„ Book 

4-20 

7-10 

, — 

54-20 

„ white beer . . . " . 

3*51 

4-73 

— 

59-58 

Vienna lager beer 

3-62 

6-01 

— 

54-50 

Pilsen beer 

3-47 

4-97 

— 

59-00 

North of France beer .... 

3-20 

4-04 

— 

61*20 

Amsterdam beer ..... 

4-30 

7-0 

— 

36*40 

Brussels lambic 

5-94 

. 3-30 

— 

78-00 

Belgian faro 

Bass’s pale ale . 

4-33 

5-1 

— 

62-80 

6*15 

6-87 

— 

64-00 

Scotch pale ale 

8*50 

10-90 

— 

69-9 

Dublin stout ...... 

7*23 

6-15 

— 

70*64 

London porter ...... 

5*40 1 

6-00 

— 

63*3 

American beer ...... 

5*89 

6-45 

— 

63-15 

Milan beer : Pilsen type . . . - 

3*92 

5-43 

0-21 

57-91 

„ „ Munich type .... 

3-50 

5-58 

0*20 

54-63 

Porretti beer (Varese) .... 

3*98 

5-66 

0*22 

57-45 

Italia beer (made at Milan by the modified 
Nathan-Bolze process) .... 

4*78 

6-00 

0-22 

59-43 


The real attenuation (or degree of fermentation, see p. 207) is calculated by multiplying the 
percentage of alcohol by 1*92 (= d'), and adding to this product the extract of the beer, d; this 
gives the extract, D, contained in the wort prior to fermentation and then the attenuation or 

percentage of extract fermented = — X 100. 

Some English breweries make stout from a mixture of 65 per cent, of pale malt, 10 per cent, 
of black malt (for colour), 10 per cent, of caramelised malt and sometimes 10 per cent, of cane- 
sugar and 5 per cent, of maize. This very dark beer is attenuated to a relatively small extent, 
and retains a full, sweet taste, this being partly due to the almost entire absence of gypsum 
in, and the small'total hardness of, London water; for these beers few hops are used. Export 
stout is made from worts having gravities as high as 25° Balling, whilst 'porter is lighter in char- 
acter. The pale beers of Berlin are made with a good proportion (75 per cent.) of malted wheat. 
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beers still more. The amount of extract also varies considerably, being as 
much as 12 per cent, for certain types of beer ; for ordinary beers it lies between 
5 and 6 per cent. (1 per cent, being maltose). The proportion of ash is generally 
less than 0'3 per cent. The amount of carbon dioxide dissolved varies from 
0T5 to 0‘40 per cent. 


The CLTict/lysis of beer is carried out in a similar manner to that of wine, but the carbon 
dioxide is eliminated by heating the beer to 40® and shaking for several minutes before 
the specific gravity and acidity are determined; the latter does not exceed 0‘3 per cent, 
and is expressed as lactic acid (1 c.c. N/10.alkali= 0*009 gram lactic acid) or as cubic 
centimetres of normal alkali used per 100 c.c. of beer. To avoid frothing during the 
distillation of the alcohol f a little tannin is added. The nitrogenous substances are deter- 
mined on the extract of 40 c.c. of the beer by Kjeldahl’s method (p. 11 ), the proportion of 



Pig. 173. 

nitrogen being multiplied by 6*25 to give the corresponding amount of proteins. The 
reducing sugar is determined by means of Pehling’s solution and is calculated as maltose 
(see Note, p. 199). 

Beers are often tested for added salicylic acid, fluorides, sulphui’ous acid, etc. (see 
Villavecchia’s “ Applied Analytical Chemistry,” Vol. II., p. 164). 

STATISTICS. In Italy the brewing industry has never been in a flourishing condition, 
owing to the abundance and cheapness of wine — ^possibly more commonly drunk than 
water. The beer manufactured from remote epochs in Italy was made by the top-fermen- 
tation process and was of poor quality; it did not keep well in summer, was stored care- 
lessly by the retailers, and was consumed for only about a couple of months in the year — 
close to where it was produced. Technical improvements have been introduced tardily, 
but nowadays the industry is largely concentrated into a few large breweries using the 
most modern methods and controlled by technical experts from other countries. In 1911 
eighty-six breweries were working in Italy. 

About one-half of the beer imported into Italy is supplied by Austria-Hungary, about 
one-third by Germany, and one-tenth by Switzerland : 

^ The proportion of alcohol may be calculated indirectly by means of the formula, 
A “ (s/S) ~ S, where A indicates the percentage of alcohol, s the specific gravity of the beer, 
S the specific gravity of the beer freed from alcohol and made up to the original volume; the 
alcohol Table (p. 175) gives the percentage by weight corresponding with the value of s/jS and 
division of this percentage by S gives the true percentage of alcohol. 
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PRODUCTION, IMPORTATION, AND CONSUIVIPTION OF BEER IN 
ITALY 


Consumption 


1880 . 


Production 

hectols. 

116,000 

Imports 
hectols. in cask. 

46,900 

Total 

hectols. 

163,000 

Per head 
litres. 

0-57 

1890 . 


160,900 

99,500 

260,000 

0-86 

1894-5 . 


95,500 

60,000 

156,000 

0*50 

1900 . 


154,000 

54,750 

209,000 

0-66 

1903 . 


185,000 

70,000 

255,000 

0-79 

1904 . 


220,000 

80,000 

300,000 

0‘92 

1905-6 . 


304,000 

90,000 

394,000 

1-20 

1906-7 . 


360,000 

94,494 

455,000 

1*50 

1907-8 . 


400,000 

95,213 

495,000 

1-60 

1908-9 . 


473,000 

88,100 

561,000 

1-80 

1909-10 . 


563,000 

89,737 

651,000 

2-00 

1910-11 . 


598,000 

83,365 

680,000 

2‘10 

1911-12 . 


721,000 

97,700 

815,000 

2-40 

1912-13 . 


673,000 

90,000 

763,000 

2-30 

1913-14 . 


652,300 

66,000 

718,000 

2-20 

1914-15 . 


526,000 

12,000 

538,000 

1-70 


The consumption of beer in Italy takes place mostly in the toms of the north and 
centle, and the average consumption per head in Milan, Turin, or Rome is at least ten 
times that for the whole country. 

The production and consumption of beer in different countries are as follows (thousands 
of hectolitres) : 



1881 

1900 

1905 

1908 

1910 

1913 

Mean con- 
sumption per 
head (litres) 

Germany . 

35,000 

67,000 

66,000 

69,500 

64,000 

68,000 

/118 

1101 

(1909) 

(1910) 

Austria-Hungary 

12,000 

20,000 

— 

20,400 

19,000 

25,000 

80 

Great Britain . 

45,000 

59,000 

— 

59,000 

58,000 

60,667 

153 

„ 

Belgium . 

9,000 

14,000 

_ 

14,000 

16,000 

16,000 

211 

„ 

Prance 

8,000 

9,000 

13,700 

— 

14,000 

16,000 

32 

5? 

United States . 

19,000 

48,000 

— 

64,000 

70,000 

73,000 

63 

99 

Russia 

7,000 

— 

6,500 

__ 

6,200 

11,500 

5 

„ 

Spain 

— 

1,000 

— 

— 

— 

400 


— 

Switzerland 

1,000 

— 

— 

— 

1,500 

3,000 


__ 

Holland . 




— 


1,800 

38 

„ 

Norway . 

— 

— 

— 

— 

— 

500 

31 

„ 

Sweden 

— 

— 

— 

— 

— 

2,850 

56 

„ 

Denmark . 

__ 

— 

— 

_ 

— 

350 

104 

„ 

Japan 

— 

— 

— 

294 

280 

354 


— 

New Zealand 


— 

— 

__ 

2,456 



— 

Argentine, Chili, Brazil 



— 

— 

2,241 

1,100 


— 

Whole world 





271,000 

275,000 




In Northern Germany the mean annual consumption per head was only 98 litres, 
whereas in the Grand Duchy of Baden it amounted to 158 litres ,* for Lille the quantity 
was 360 litres, 

Delbriick calculated that in 1911 almost £160,000,000 was invested in breweries through- 
out the world, barley to the value of £14,400,000 and hops to the value of £1,600,000 being 
used in the brewing of beer. 

In 1900 the breweries in Germany numbered 10,000. In 1909 Bavaria produced 

18.000. 000 hectolitres of beer, Wurtemberg 5,500,000, Baden 3,000,000, and North Germany 

38.000. 000. 
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In 1911 the Schultheiss Brewery of Berlin made 1,500,000 hectolitres of beer and the 
Dreher Brewery of Schwechat (Vienna) 1,100,000 hectolitres. 

A large brewery near New York produces annually 900,000 barrels of beer, its ice 
machines having a daily capacity of 1600 tons. 

The brewery of Guinness & Co., Dublin, makes about 3,500,000 hectolitres of stout 
per year. 

In Italy the brewing tax was 5|d. up to 1891, when it was raised to ll|d. (causing a 
temporary diminution in the consumption at that time) per saccharometer degree per 
hectolitre, measured with the decimal saccharometer at 17-5° on the wort from the cooler, 
an allowance of 12 per cent, being made for loss during the subsequent operations ; the 
tax varied from a minimum of 9^. 6d. to a maximum of 155. id, per hectolitre, according to 
the strength of the beer. Imported beer pays 2s. 5d, more, or the importers can demand 
the tax to be levied on the extract degrees, these being increased by twice the number 
of alcohol degrees. On exported beer the duty is refunded to the extent of 95. 6d. per 
hectolitre. The exchequer collected £180,000 in 1905-1906, £211,800 in 1906-1907, and 
£320,000 in 1910-1911 as tax of manufacture. During the war the duty %vas raised to 
I 5 . 5d. per hectolitre-degree, and it is proposed to increase it to 25. 5d. in 1920. 

In Germany beer costs about 125. per hectolitre, or rather more with the extra taxation 
of 1910. In Italy the cost is about 325. (that imported from well-known breweries about 
405, per hectolitre). 

VARIOUS DERIVATIVES OF ETHYL ALCOHOL 

SODIUM ETHOXIDE, C 2 H 5 -ONa, may be obtained by dissolving metallic sodium in 
absolute alcohol : CgHg-OH -f Na = CgHg-ONa -f H; when the dense mass is cooled, the 
crystallised ethoxide separates with SGgHg-OH, which it loses only when heated to 200° in a 
current of hydrogen, a soft white powder remaining. The latter separates directly when 
the calculated quantity of sodium is dissolved in absolute alcohol previously dissolved in 
ether or toluene and heated in a reflux apparatus. The ethoxide is also obtained when 
sodium hydroxide is dissolved in concentrated alcohol. With excess of water sodium 
ethoxide decomposes into alcohol and caustic soda. 

The ethoxide is largely used in organic syntheses and to remove water and alcohol ; 
before the war it cost 285. to 325. per kilo. 

CALCIUM ETHOXIDE (C 2 H 50 ) 2 Ca, is formed on dissolving metallic calcium in 
alcohol or by heating calcium carbide with absolute alcohol. 

ALCOHOLS HIGHER THAN ETHYL ALCOHOL 

PROPYL ALCOHOLS, CgHgO. The two isomerides theoretically possible are known : 

(1) Normal, CHg * CHg • CHg • OH [propanol-l or ethylcarhinol). This may be obtained 
from fusel oil (p. 165) by fractional distillation, or from its bromo -derivative, or by the 
action of magnesium ethyl chloride on trioxymethylene. It has an agreeable odour, 
b.-pt. 97°, sp. gr. 0-804, and is readily soluble in water, but insoluble in cold saturated calcium 
chloride solution (unlike ethyl alcohol). On oxidation it gives propionic acid, which 
proves its constitution. 

(2) Sec. Iso-Propyl Alcohol, CH 3 • CH(OH) • CHg {propanol-2 or dimethylcarhiml), 
is a colourless liquid, b.-pt. 81°, sp. gr. 0-789. It is obtained from isopropyl iodide and 
' hence indirectly from glycerol, or by reducing acetone with sodium amalgam, the constitution 
attributed to it being thereby confirmed. 

BUTYL ALCOHOLS, C^H^qO. The four isomerides, predicted by theory, are known : 

(1 ) Normal Butyl Alcohol, CHg • CHg • CHg • CHg ■ OH {butanol-1 or propylcarbinol), 
is a liquid, b.-pt. 117°, sp. gr. 0-810, and has an irritating odour ; 12 vols. of water at 22° dis- 
solve only 1 vol. of it, this being separated from the solution by the addition of a soluble 
salt. It is found in fusel oil and may be obtained by fermenting glycerol or mannitol (yield 
8 to 10 per cent.) w;ith Bacillus butylicus (contained in the excreta of cows). It may also 
be prepared synthetically by the various general processes (p. 125). Its constitution is 
indicated by its syntheses and by the possibility of transforming it into normal butyric 
acid by oxidation. 

(2) Secondary Butyl Alcohol, CHg * CHg • CH(OH) • CHg {butanol-2 or ethylmethyl- 
carUnol), is a liquid with an intense, peculiar odour, b.-pt, 100°, sp. gr, 0-808, It may be 
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obtained by treating tbe tetrahydric alcobol, erytiuritol, C4Hg(OH)4, with hydriodic acid 
or by the interaction of normal butylene and hydriodic acid and hydrolysis of the resulting 
iodide. 


CH 

(3) Isobutyl Alcohol, • CHg • OH {iTieihylpropanol), is termed also butyl 

alcohol of fermentation, since it abounds in the fusel oil of potatoes, from which it may be 
extracted by forming the corresponding iodo-compound. It is a colourless liquid, b,-pt. 
107°, sp. gr. 0-806, and has a characteristic alcoholic smell. Its constitution is deter- 
mined by the fact that, on oxidation, it yields isobutyric acid, the constitution of which 
is known. 


CH 

(4) Tertiary Butyl Alcohol, ^jj^^C(OH)-CH3 [trimethylcarhinoloxmethyl-%propanol), 

occurs in small proportion in fusel oil, and may be prepared by the action of hot 75 per cent, 
sulphuric acid on isobutylene, which thus takes up 1 mol. of water. When pure, it forms 
rhombic prisms or plates, m.-pt. 25*5°, sp. gr. 0-786 (solid), b.-pt. 83°. On oxidation it 
gives acetic acid, acetone, and carbon dioxide. 

AMYL ALCOHOLS, . OH. The eight isomerides theoretically possible are 
known, the most important being : 

(1) Normal Amyl Alcohol, CHg • CHg • CHg • CHg • CH2 • OH [p&ntanol-l), b.-pt. 138°, 
sp. gr, 0-817, is of little importance, and is obtained by reducing normal valeraldehyde or 
by the other general methods. 


(2) Amyl Alcohol of Fermentation, • CHg • CHg • OH {methyl-Z-butanol-l 

or isohutylcarhinol), is a liquid, b.-pt. 131°, sp. gr. 0-810, and is solid at — 134°. It dissolves 
in 50 vols. of water at 13-5°, but in presence of a little ethyl alcohol its solubility is greatly 
increased. It has a higher bactericidal action than other alcohols, and, owing to its toxicity, 
great precautions are taken in its manufacture to protect the health of the workpeople ; 
if it could be obtained at a low price, it might be used for making isoprene and hence 
synthetic rubber. It imparts its characteristic smell and burning taste to fusel oil, in 
which it abounds. It is to this alcohol that the poisoning effect of spirits is principally due. 
It occurs naturally in Eoman chamomile oil and is obtained industrially from fusel oil 
(see note, p. 165). It is used in large quantities to prepare amyl acetate, which serves ’as 
an excellent solvent for cellulose acetate. Prior to the war it cost £80 to £120 per ton. 

In 1911 the United States produced 250 tons. Germany exported 82 tons in 1910, 
56 in 1911, and 124 in 1912, and imported 2*7 tons in 1910, 36 in 1911, and 197 in 1912. 

0 H 

(3) Active Amyl Alcohol, ° • CHg* OH {metliyl-2-butanoll or 2-methylbutan- 


l-ol), boils at 128°, has the sp. gr. 0-816, and is found with the amyl alcohol of fermentation. 
It contains an asymmetric carbon atom {see p. 19) and is Isevo-rotatory, whilst the halogen 
compounds and the valeric acid derived from it are dextro-rotatory; also the dextro- 
isomeride of this acid yields a IjBVO-rotatory iodide. 

nxT 

(4) Tertiary Amyl Alcohol, • CHg • CHg {methyl-2-butmol-2 or amylene 

hydrate or dimethylethylcarhmol)is an oily liquid with a faint odour of mint. It boils at 
102° and is prepared from amylene by the indirect addition of water under the influence of 
sulphuric acid. It exerts a soporific effect. 

HIGHER ALCOHOLS. Of these may be mentioned : Primary normal hexyl alcohol 
or hexanol, CH3 • [CH2]4 • CH^ • OH (14 of the 18 hexyl alcohols predicted by theory are 
known), which may be obtained from caproic acid, CgHjgOg, and is found as butyric and 
acetic esters in the ethereal oil of the seeds of Heradeum giganteum and in the fruit of Hera- 
cleum spondylium it boils at 158° (under 740 mm. pressure), and has the specific gravity 
0-820. Caproyl or isohexyl alcohol, (CH3)2 : CH - CH2 • CHg * CHg • OH, b.-pt. 150°, is 
found in vinasse and in fusel oil. Heptyl (or oenanthyl) alcohol, G^H^gO ; of the 38 possible 
isomerides, 13 are known. Normal octyl alcohol, CgH^gO, is contained in Heradeum spon- 
dylium and Heradeum giganteum \ secondary octyl alcohol (or capryl alcohol or methylhexyl- 
carbinol) is formed on distilling castor-oil. Other higher alcohols are obtained by reducing 
the corresponding aldehydes with zinc dust and acetic acid ; they are solid, like paraffin 
wax. Cetyl or normal hexadecyl alcohol, C^gHg^O, combined with palmitic acid, forms the 
principal component of sperm oil. Ceryl alcohol {cerotin), CggHg^ ' OH, occurs as cerotic 
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ester in Chinese wax and in wool-fat ; it melts at 76° to 79°. Melissyl or myricyl alcohol, 
Cg^Hg^ • OH ( ? ), is found as the palmitic ester in beeswax and carnauba wax, and is obtained 
free by saponification with alcoholic potash. 

II. UNSATURATED MONOHYDRIC ALCOHOLS 

These are similar to the saturated alcohols, but, as they contain one or two double 
linkings, they behave like the olefines and diolefines in taking up two or four atoms of 
hydrogen, halogens, etc., to give saturated compounds. If they contain a triple linking, 
— C= CH, they form explosive metallic compounds, as does acetylene (p. 110). 

VINYL ALCOHOL, CHg : CH . OH (Ethenol), appears to be present in commercial 
ether, but it has never been isolated, attempts to synthesise it leading, as is the case with 
other similar compounds, to an isomeride — acetaldehyde, CHg ■ CHO ; the formation of 
the latter is explained by the addition of a molecule of water to the alcohol, and immediate 
loss of a molecule of water from the compound thus formed. 

ALLYL ALCOHOL, CHg : CH * CHg • OH (Propenol), is a liquid of pungent odour, 
density 0*8573 at 15°, b.-pt. 98°, and readily soluble in water. It is formed in small quantity 
in the distillation of wood (crude methyl alcohol contains 0*2 per cent., and the final products 
of the rectification, distilling at 80° to 100°, 50 per cent, of it). Industrially it is obtained 
by heating glycerol (4 parts) with crystallised oxalic acid (1 part) or formic acid and 
0*3 per cent, of ammonium chloride; below 130° COg is evolved with formation of glycerol 
formic ester, CH2(0H) • CH(OH) • CHg • COOH, which begins to decompose at 205° to 
210° and is completely decomposed at 260°, with evolution of COg and HgO. The crude 
allyl alcohol is distilled off (at 195° to 200°) and is redistilled until oil no longer separates, 
when a small portion of the distillate is treated with potash. From the distillate the allyl 
alcohol is obtained as an oil by addition of potash, the oil being decanted off, dried by 
prolonged contact with lump caustic potash, again distilled and dried over potassium 
carbonate which has been recently heated and then over baryta. The yield is 22 to 25 per 
cent, of the weight of oxalic acid taken. 

Cl, Br, CN, and HCIO can be added on to it directly, but not H. When cautiously 
oxidised, it takes up 0 and HgO, giving glycerol or even acrolein (allyl aldehyde) and 
acrylic acid, which shows it to be a primary alcohol. 

It is used to prepare allyl bromide and iodide {see below), esters of salicylic and ciimamic 
acids, etc. The price of the alcohol is 28s. to 32;*. per kilo, the chemically pure product 
costing twice as much. 

Derivatives of allyl alcohol occur in the vegetable kingdom. Thus oil of garlic contains 
diallyl disulphide and triaUyl trisulphide, and mustard oil, allyl thiocyanate (or allylthio- 
carbimide), CgHg-NrC-.S. Mustard oil is obtained from pressed mustard oil seeds 
(which contain it as the glucoside of potassium myronate, this being easily decomposed 
by the enzyme myrosin), and is also prepared artificially by distilling allyl iodide with 
potassium thiocyanate. The natural product (containing 94 per cent, of allyl isothio- 
cyanate) cost before the war £2 per kilo and the artificial oil 12s. per kilo. It is used for 
preparing mustard compounds and serves as a vesicatory, etc. 

CITRONELLOL, CjoRgoO, is found in attar of roses. 

PROPARGYL ALCOHOL, CH j C • CHg • OH (Propinol), is a liquid with a 
pleasant odour, lighter than water, b.-pt. 114°. 

GERANIOL, CioH^gO or (CHglg : C : CH • CHg • CHg * CfCHg) : CH • CHg * OH, is a 
pleasant-smelling oil, b.-pt. 121° under 17 mm. pressure. It is obtained from geranium oil, 
and on oxidation gives citral (the corresponding aldehyde) which occurs in mandarin oil 
and in essences of orange and lemon and to a very considerable extent (60 per cent. ) in 
verbena oil. 

III. POLYHYDRIC ALCOHOLS 
{a) DIHYDRIC ALCOHOLS OR GLYCOLS, C,,H 2 „(OH )2 

Substitution of two hydrogen atoms, joined to different carbon atoms, 
by two hydroxyl groups gives dihydric alcohols, containing two alcoholic 
groups. It is not, however, possible to have two hydroxyl groups united to 
the same carbon atom— although similar compounds are known for the ether 
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derivatives known as Acetals {see later)~smce even if they could be formed 
they w^ould immediately lose a molecule of water, forming aldehydes or 
ketones. 

The dihydric alcohols, owing to their sweet taste, were called Glycols by 
Wurtz, who prepared them by transforming a dihalogenated hydrocarbon into 
the corresponding diacetyl-ester by means of silver acetate and then saponi- 
fying the diacetyl compound either by bar}i}a or sodium hydroxide or by 
boiling with water and lead oxide or sodium carbonate solution : 


CHaBr CH^ • 0 * COCHg 

2CH3 • COOAg = 2AgBr 

CHgBr CH2 • 0 • COCH3 

Ethylene bromide Diacetylglycol 


CH2 • 0 • COCH3 
CH2 • 0 ■ COCH3 


CH2 • OH 

-f 2KOH = 2CH3 • COOK + (glycol) 

CH. ■ OH 


A special group of glycols, the 'pinacones, containing two adjacent tertiary 
alcohol groups (=C ' OH), are formed by reducing the ketones wdth sodium 
and water, or, better, together with isopropyl alcohol, by electrolysing a 
dilute solution of sulphuric acid and acetone, the latter being reduced at the 
negative pole : 

CH3 • C(OH) • CHg 


3CH3 • CO • CH3 + H4 = CHg * CH(OH) • CHg -f 


CH3 • C(OH) • CH3 


this pmacone (2 : 3-dimethyl-2 : 3-butandiol), melts at 38°, boils at 172° and 
crystallises with bHgO. When distilled with dilute sulphuric acid, it is trans- 
formed into pinacoline, (CH3)3C * CO • CH3, with separation of HgO and 
transposition of an alkyl group. 

The glycols have an almost oily appearance ; their solubility and sweetness 
increase with the molecular weight, while the specific gravity and bofiing-point 
are much higher than those of the monohydric alcohols with equal numbers of 
carbon atoms. The hydroxyl groups of the glycols behave like those of mono- 
hydric alcohols, so that the glycols can give rise to ethers and esters, alkoxides 
(sodium, etc^), halogen compounds (e. g., the cJilorohydrins), aldehydes and 
acids, besides which they may give up 1 mol. of HgO forming anhydrides. 


ETHYLENE GLYCOL (Ethan-i : 2 -diol), is a dense liquid, b.-pt. 198°, 

and, on oxidation, yields glycollic acid, COgH • CHg * OH and oxalic acid, COgH • COgH. 

PROPYLENE GLYCOLS. Two isomerides are known: a-Propylene Glycol, 
OH • CHg • CH(OH) • CH 3 {propan-l : 2-diol), boils at 188° and is formed on distillation 
of glycerol with sodium hydroxide. It contains an asymmetric carbon atom and, by the 
action of certain ferments, the l^vo-rotatory isomeride may be isolated, /3-Propylene 
Glycol boils at 216° and is formed by the bacterial decomposition of glycerol, as yell as 
by the usual synthetical methods. 

In the higher glycols, when the two hydroxyl groups have four carbon atoms between 
them (y-glycols), water is readily separated and furan derivatives, analogous with pyrrole 
and thiophene compounds, formed. 


(&) TRIHYDRIC ALCOHOLS, 

These are colourless, dense liquids with a sweetish taste and readily soluble 
in water ; they contain at least three carbon atoms and three hydroxyl groups, 
and are hence capable of forming three series of esters by combination with a 
monobasic acid. 

GLYCEROL (or Glycerine), C3H5(OH)3, or OH * CHg * CH(OH) * CHg ‘ OH 
(Propantriol), was discovered by Scheele in 1779. Ohevreul and Braconnot 
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(1817) found it as a component of all oils and fats. Its formula and con- 
stitution were established later (Pelouze, Wurtz, and Berthelot). It occurs 
abundantly in nature, not in the free state, but combined with higher fatty 
acids in the form of esters (glycerides), which form the fats and oils; these 
contain 9 to 11 per cent, of combined glycerol. 

It exists free in rancid fats and is formed in small proportions in the fer- 
mentation of sugar (all wines contain 0*98 to 1*67 per cent.). 

During the European War glycerol was prepared in Germany to some extent 
by biological processes and was sold in the pure state under the name of protoL^ 
Industrially glycerol is obtained principally from factories where fats are 
decomposed (stearine- and soap-works). Synthetically it may be obtained by 
transforming propylene (from isopropyl iodide), by means of chlorine in the 
hot, into dichloropropane, CgHgClg, which, with iodine chloride, gives the 
trichloro-derivative, C3H5CI3; the latter, when heated with water at 170°, 
gives glycerol : 

CH2CI * CHCl * CH2CI + 3H2O = 3HC1 -f OH • CH2 * CH(OH) * CH2 * OH. 

This formation of glycerol and also that by the oxidation of allyl alcohol, 
CH2 * CH * CH2 * OH, demonstrate the constitution of glycerol. On the other 
hand, it is possible to prepare glycerol synthetically from the elements by way 
of acetylene, acetaldehyde (p. 110), acetic acid, acetone (by distillation of 
calcium acetate), isopropyl alcohol (by reduction), propylene, and thence, as 
above, to glycerol (Friedel and Silva). 

PROPERTIES. Glycerol (also termed glycerine) is an oily, colourless, dense 
liquid of sp. gr. T2641 at 15°, and 1*26413 -{- (15 — t) 0*000632 at any other 
temperature, t. It is highly hygroscopic when concentrated, but this property 
is no longer shown when the glycerol contains 20 per cent, of water. It dis- 
solves in water and in alcohol in all proportions, heat being generated when 
58 parts of glycerol are mixed with 42 parts of water. Glycerol has a sweet 
taste. 

It is insoluble in ether or chloroform; it dissolves to the extent of 5 per- 
cent, in dry acetone and to a greater degree in aqueous acetone. It boils at 
290° with partial decomposition, but it may be distilled unchanged in a vacuum 
(at 10 mm. pressure it boils at 162°). It crystallises at — 40° or at a higher 
temperature if it contains water ; the separated crystals melt only at 22°. 

When heated for a long time at 130° to 160° in presence of sulphuric acid, 
glycerol loses one or more molecules of water, giving anhydrides or ethers 
of glycerol or polyglycerines (A. Nobel, 1890); W. Will (1904) arrived at the 
same result by heating glycerol for seven to nine hours at 290° to 295° and 
distilling off the water formed. This treatment yields about 60 per cent, of 
diglycerine, C3H5(OH)2 * 0 * C3H5(OH)2, and a little tri- and polyglycerines; all 
these products may be esteiifiedlike glycerol and yield, e. g., tetranitrodiglycerine, 
which does not congeal even at —20° and has an explosive power like trinitro- 

^ The process used appears to be that of Comistein and Ltidecke, based on the observation 
that the amount of alcohol formed during fermentation diminishes and that of glycerol formed 
increases as sodium sulphite is added to the saccharine liquid in increasing proportions. The 
results obtained with a 10 per cent, sugar solution containing also small amounts of ammonium 
sulphate, sodium phosphate, and potassium salts, are illustrated by the following figures : 


Sulphite employed . 

25 

50 

100 

Glycerol formed 

113 

196 

271 

Alcohol „ 

400 

287 

233 

Aldehyde ,, 

Carbon dioxide formed 

24 

58 

86 

396 

358 

294 


When the fermentation is finished, the yeast (recoverable) is removed by filtration and the 
aldehyde and alcohol by distillation. Trom the residual liquid salts and acids are separated by 
means of calcium chloride and. excess of the latter by sodium carbonate, the liquid being filtered 
and concentrated ,* glycerol slightly contaminated with glycol is thus obtained. 
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glycerine {see also 0. Ciaessen, Ger. Pats. 181,754 and 198,768, 1907). Accord- 
ing to U.S. Pats. 978,443 (1910) and 13,234 (1911), glycerol readily polymerises 
when heated at 275° in presence of 0*5 to 1*0 per cent, of sodium acetate, 
70 per cent, being polymerised in an hour. 

When heated rapidly and strongly it decomposes, yielding partly acrolein 
with the characteristic pungent odour. Also, when heated with P 2 O 5 or 
KHSO 4 , it loses 2 H 2 O, giving acrolein, CH^ : CH * CHO. 

One hundred parts of glycerol dissolve the following quantities of mineral 
salts : 98 of sodium carbonate, 60 of borax, 50 of zinc chloride, 40 of potassium 
iodide, 10 of boric acid, 50 of tannin; bromine, ammonia, ferric chloride, etc., 
are also dissolved. 

Glycerol has the refractive index 1*476 at 13° and in aqueous solution the 
index varies proportionally with the dilution. By means of Lenz’s table, the 
concentration of glycerol solutions may be determined from either the specific 
gravity or the index of refraction : 


Percentage 
of glycerol 

Degrees 

Baum6, 

Beck, 

Oerlach 

Sp.gr. at 
12° to 14° 

Index of 
refraction 
at 12-5° to 
12-8° 

■ 

Percentage 
of glycerol 

Degrees 

Batune, 

Beck, 

Gerlach 

Sp. gr. at 
12° to 14° 

Index of 
refraction 
at 12-c>° to 
12-8° 

100 

30-7 

1-2691 

1-4758 

1 54 

18-0 

1-1430 

1-4065 

99 

304 

1-2664 

1-4744 

i 52 

17-4 

1-1375 

1-4036 

98 

30-1 

1-2637 

1-4729 

: 50 

16-9 

1-1320 

1-4007 

97 

29*8 

1-2610 

1-4715 

48 

16-2 

1-1265 

1-3979 

96 

29*6 

1-2584 

1-4700 

i 46 

15-5 

1-1210 

1-3950 

95 

294 

1-2557 

1-4686 

44 

15-0 

1-1155 

1-3921 

94 

294 

1-2531 

1-4671 

42 

14-3 

1-1100 

1-3890 

93 

28-9 

1-2504 

1-4657 

40 

13-6 

1-1045 

1-3860 

92 

28-7 

1-2478 

1-4642 

38 

13-0 

1-0989 

1-3829 

91 

28-5 

1-2451 

1-4628 

36 

12-3 

1-0934 

1-3798 

90 

28-2 

1-2425 

1-4613 

34 

11-5 

1-0880 

1-3772 

88 

27-7 

1-2372 

1-4584 

32 

11-0 

1-0825 

1-3745 

86 

27-1 

1-2318 

1-4555 

30 

10-3 

1-0771 

1-3719 

84 

26-6 

1-2265 

1-4525 

28 

9-6 

1-0716 

1-3692 

82 

26-1 

1-2212 

1-4496 

26 

9-0 

1-0663 

1-3666 

80 

25-6 

1-2159 

1-4467 

24 

8-3 

1-0608 

1-3639 

78 

25-1 

1-2106 

1-4438 

22 

7-6 

1-0553 

1-3612 

76 

24-5 

1-2042 

1-4409 

20 

6-9 

1-0498 

1-3585 

74 

24-0 

1-1999 

1-4380 

18 

6-1 

1-0446 

1-3559 

72 

23-5 

1-1945 

1-4352 

16 

5-6 

1-0398 

1-3533 . 

70 

23-0 

14889 

1-4321 

14 

4-9 

1-0349 

1-3507 

68 

22-3 

1-1826 

1-4286 

12 

3-8 

1-0297 

1-3480 

66 

21-6 

1-1764 

1-4249 

10 

3-4 

1-0245 

1-3454 

64 

21-0 

1-1702 

1-4213 

8 

2-8 

1-0196 

1-3430 

62 

20-3 

1-1640 

1-4176 

6 

2-1 

1-0147 

1-3405 

60 

19-8 

1-1582 

1-4140 

4 

1-3 

1-0098 

1-3380 

58 

19-2 

I 1-1530 

1-4114 

2 

0-7 

1-0049 

t 1-3355 

56 

18-6 ■ 

1-1480 

1-4091 






The specific gravity may be corrected for the- temperature by adding or 
subtracting 0*7 per cent, for each degree above or below 15°. 

The specific viscosity (p. 90) varies greatly with the water-content. 

Glycerol has the interesting property of preventing the precipitation of 
various metallic hydroxides {i. e., it keeps them dissolved) ; for instance, in 
presence of glycerol, potassium hydroxide does not precipitate salts of chromium, 
copper, etc. With alkalis it forms slightly stable soluble alkoxides. It does 
not reduce silver or cupric salts, and hence cannot contain aldehyde groups ; 
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it is not coloured by concentrated sulphuric acid or by sodium hydroxide on 
boiling. The halogens act on glycerol, not as substituting, but as oxidising 
agents. It inverts cane-sugar and renders starch soluble ; 100 parts of glycerol 
and six of starch at 190° give starch soluble in water, and the starch may be 
separated from the glycerol, when cold, by precipitation with alcohol. 

Like the other polyhydric alcohols (glycols, erythritol and its isomerides, 
also glucose and its isomerides — galactose, etc. — but not cane-sugar, quercitol 
or dextrin) glycerol, when added in sufficient quantity, transforms the alkaline 
reaction of borax solutions into an acid reaction, thus allowing of the deter- 
mination of boric acid and borax by titration. 

Under the action of certain schizomycetes, glycerol yields normal butyl 
alcohol, butyric acid and, partly, ethyl alcohol. 

Being a trihydric alcohol, glycerol is able to form esters of three types 
(mono-, di- and tri-), according as one, two, or three hydroxyl groups are 
replaced by inorganic or organic acid residues. In this way the glycerides may 
be regenerated ; for example, when excess of stearic acid is heated with glycerol 
at 200° under reduced pressure until no more water separates, tristearin is 
formed. 

When cautiously’’ oxidised, gly^cerol forms first glyceric acid, OH • CHg * 
CH(OH) • COOH, which undergoes further oxidation to iartronic acid, 
COOH • CH(OH) \COOH, so that it is proved that glycerol contains two 
primary alcohol groups (* CHg • OH) ; also, as tartronic acid still exhibits 
alcoholic characters, it must contain a secondary alcohol group. The con- 
stitution of glycerol is hence completely proved. 

USES OF GLYCEROL. The bulk of the glycerol manufactured is used 
for the preparation of nitroglycerine and hence of dynamite [see later)', to 
some extent it serves for the manufacture of glycerinacetin, which is employed 
in making explosives and in printing textiles. It is also used to give body to 
light wines (termed Scheelisation, after Scheele, the discoverer of glycerol). 
It is employed in the manufacture of liqueurs, syrups, preserves, and sweet- 
meats, since it is sweet and dense, and, to some extent, anti-fermentative. 
It is added to chocolate, tobacco, cosmetics, textiles to be dressed, and leather 
goods, since it does not dry and keeps them soft or pliable. It is also used in 
extracting from flowers and herbs delicate perfumes which would undergo 
change if extracted by distillation. 

It is employed as a non-congeahng and lubricating liquid (a solution of 
sp. gr. 1*13) in gas-meters and in hydraulic pumps; for greasing iron objects 
to prevent them from rusting ; for making copydng-ink, soap, and shoe-polish ; 
for preserving anatomical preparations, etc. 

INDUSTRIAL PREPARATION, Glycerol is obtained almost exclusively as a 
secondary product in the treatment of fats. Until the year 1885 only the aqueous residues 
of stearine works were worked up (the fats are decomposed with lime, sulphuric acid, 
steam, or ferments), but nowadays almost all the alkaline lyes of soap factories (where the 
fats are treated directly with caustic soda and then with salt) ^ are utilised. 

Of the 9 to 11 per cent, of glycerol contained in fats, 8 to 10 per cent, may be recovered 
(only 4 per cent, when the decomposition is effected by sulphuric acid, the maximum yield 
being obtained when water or enzymes are used). 

The treatment of the dilute solutions of crude glycerol varies with their origin : soap- 
lyes (which are sometimes concentrated in the soap-works and sold to the glycerol refiners) 
are treated with OT to 0*2 per cent, of lime or ferrous sulphate and mixed by means of an 
air- jet; the liquid is decanted, slightly acidified with hydrochloric acid and skimmed; 
a small quantity of aluminium sulphate is then added, the liquid being decanted, rendered 

1 These lyes have an alkaline reaction and, on analysis, one of them (somewhat dense) gave 
the following results : water, 61 per qent. ; glycerol, 16-5 per cent. ; salts, 22 per cent, (eight- 
tenths of which were NaCl, one-tenth NagSO^, and one-tenth NaaCOg). The specific gravity 
varies from 3° to T Be., and the proportion of glycerol usually from 6 to 12 per cent. 
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slightly alkaline, passed through a filter-press and concentrated in open boilers furnished 
with stirrers until sodium chloride begins to separate; subsequent concentration to the 
sp. gr. 28° Be. is carried out in a yacuum, the salt deposited being gradually removed. 
This crude glycerol contains 85 to 90 per cent, of glycerol and 1 per cent, of salts, and has 
a dark yellow or brownish colour. Sometimes the alkali is removed from the soap lyes 
by adding a little resin and boiling, so that the resin soap formed is carried to the surface 
and may be decanted (to be utilised by adding to ordinary soap). 

The free lime may also be precipitated with an oxalate or with carbon dioxide and 
the sulphates with barium chloride. The concentration is not carried out in open vessels, 
as, when the aqueous solutions are vigorously boiled, the steam given off carries away appre- 
ciable quantities of glycerol. The 
concentration is hence carried to a 
. certain point in an apparatus (Fig. 

174 shows the Bronx apparatus and 
Fig. 175 that of Morane), fitted with 
rotating coils or hollow lenticular 
discs, in which steam under pressure 
circulates. The apparatus is co vered 
in and the steam from the solution 
issues rapidly through a tube com- 
municating with an aspirator. When 
the density reaches 18° to 20° Be. 
the solution is decanted or filtered 
and then further concentrated in a 
vacuum to 27° to 28° Be. 

In some cases the glycerol thus obtained (or after dilution with w^ater ), while still boiling, 
is decolorised by adding animal charcoal and filtering through a filter-press. This gtycerol 
always contains a small quantity of dissolved salts. To purify it, its temperature is raised 
to 110° to 120° by means of superheated steam, the acids or more volatile products being 
thus eliminated. It is then distilled with superheated steam at 170° to 180°, at which 
temperature all the pure glycerol passes over. This is rectified in one apparatus at 22° Be. 
and in a second, under diminished pressure and with superheated steam, to 28° Be., at 
which concentration almost all the salt separates. In general the coloration produced on 
distillation is less with a slightly alkaline, than with an acid, glycerol. The vacuum distilla- 
tion is sometimes effected by a triple-effect apparatus (Pick type, see Vol. I., p. 567 ; also 

section on Sugar), with which it is easy to 
remove the salt, as it separates without 
interrupting the distillation. 

These forms of apparatus for purifica- 
tion and distillation are named after their 
inventors (Hagemann, Scott, Jobbins, 
van Euymbeke, Lehmann, Heckmann, 
etc.). 

The Heckmann process consists in dis- 
tilling the aqueous glycerine, already con- 
centrated to beyond 20° Be., in a boiler, A 
(Fig. 176), into which steam superheated 
to 200° to 220° and under half an atmo- 
sphere pressure is passed by means of a perforated coil ; the temperature of the liquid 
should not exceed 170°, since otherwise a small part of the glycerol decomposes. In 
order to prevent the scum being carried over with the steam and glycerol, a perforated 
disc, a, fitted with a vent-pipe is fixed two-thirds of the way up the boiler. The 
vapours issue by the pipe J5, and are condensed in the reservoir, 0, which is heated to 
80° to 90° with indirect steam circulating in the jacketed bottom, D, Above the reservoir 
is a rectifying column, with a dephlegmator, K, similar to, but much lower than, that used 
for the rectification of alcohol {see p. 158). 

During the distillation, a slight vacuum is maintained in the whole apparatus by means 
of a suction pump, V, so that principally water- vapour and only a little glycerol are evolved 
from the reservoir, G. The glycerol vapour separates in the column and returns to the 



Fig. 175. 



Fig. 174. 
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reservoir, whilst the condenser, condenses only the water-vapour, which is controlled 
by its density, colour, and taste in the test-glass, N, and is then collected in the tank, 0. 
In G the glycerol finally reaches a concentration of 95 to 99 per cent. 

The rectifying column is sometimes replaced by a series of communicating, vertical 
copper tubes (Tig. 177) which fractionally condense the glycerol- and water- vapours from 
the boiler, B (heated partly by direct fire), into which passes steam from v, superheated 
in the furnace, T. By means of the pump, Z, a vacuum is maintained in the whole 
apparatus, so that, as the distillation proceeds, fresh glycerine from the reservoir, A, may 
be drawn into the boiler. In the first cylinder or condensing tube, which soon reaches a 



temperature of 100°, almost pure glycerol separates, whilst in the succeeding tubes, cooled 
only by the surrounding air, more and more dilute glycerine and finally water separate. 
Below each tube is a horizontal cylinder, these serving to collect the glycerols of different 
concentrations, some of which are subjected to redistillation. In this way is obtained the 
best dymmite glycerine, which must have a specific gravity of 1*263 (98 to 99 per cent.), 
and should not contain lime, sulphuric acid, chlorine, or arsem'c. To eliminate traces of 
colour and empyreumatic products, the liquid is digested with boneblack (washed with 
acid and dried) ; the final portions of water are expelled by heating in a vacuum. 



Tig. 177. 


Besides by means of boneblack or special vegetable charcoal, complete decoloration 
may also be effected by sodium hydrosulphite or, better, by the zinc-formaldehyde sulph- 
oxylate compound {see Vol. I., p. 588). Very pme glycerol has been obtained by main- 
taining it at 0° for some time and then inducing crystallisation by a few pure crystals 
obtained separately by cooling to — 40° (Kraut’s process ). The degree of purity is increased 
by a second erystallisatioh. 

Purification by an osmotic process has also been attempted but with unsatisfactory 
results. 

During the last few years the glycerine liquids from the biological or catalytic decom- 
position of fats (see section on Tats) have also been worked up : they are first neutralised 
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or, better, rendered slightly alkaline with milk of lime and, after being left for some time, 
the liquid is decanted or filtered off, concentrated to 15° Be. in vacuo, again allowed to 
stand to deposit a further quantity of lime, decolorised by passing through a carbon filter 
and again concentrated to 28° Be. 

Various attempts have also been made to recover the glycerine from the waste liquors 
from the manufacture of alcohol, but as yet without much success (Ger. Pats. 114,492, 
125,788, 129,578, 141,703, and 147,558). 

STATISTICS AND PRICES. The production and trade in glycerine (from stearine 
and soap-works) in different countries is shown by the following figures (tons) : ^ 
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The following qualities of glycerine are distinguished : ^ (A) Crude glycerine from the 


^ In 1910 Spain produced 2500 tons of glycerine, 893 tons being exported. 

The annual output in Italy prior to the war amounted to about 350 tons of glycerine for 
pharmaceutical purposes, 100 tons of dark glycerine residues for use on the railways, and about 
150 tons of pure glycerine for dynamite, for which also glycerine was imported. During the 
war the Italian imports were : 1914, 335 tons (1094 exported) ; 1915, 791 (40 exported); 1916, 
1590 ; 1917, 4189, and 1918, 6828 (almost all from the United States), valued at £2,600,000. 

Three-fourths of the Trench output is due to Marseilles, where, before the war, a single refinery 
produced 2500 tons yearly ; the exports were mainly to the United States. 

German imports and exports were as follows (tons) : 

Crude Glycerine Pure Glycerine 

Imports Exports Imports Exports 

1910 .... 4685 1688 ' 914 2596 

1911 .... 6143 2463 1241 2394 

1912 .... 5875 2316 1186 3736 

1913 .... 6374 2237 1107 3937 

® Tests for Glycerine ; the crude, pale at 28° B6., contains 0-5 per cent, of ash and is not 

rendered turbid by HCl, and only faintly so by lead acetate ; that separated from sulphuric acid 
saponifications, besides having a bad smell and taste, gives 3 to 5 per cent, of ash and 84 to 
86 per cent, of glycerine, a turbidity (fatty acids) or precipitate being produced by HCl or lead 
acetate. The glycerine to be used for nitroglycerine and dynamite is subjected to the following 
tests : the water is calculated from the loss in weight of 20 grams heated for ten hours at 100° 
and for a few hours at a slightly higher temperature. Kve grams, after being heated in a platinum 
dish at 180° until no further evolution of vapour takes place, is weighed, and should then undergo 
no further diminution in weight when again heated lor a short time ; it is then ashed in the usual 
way and the ash tested for metals and salts. Glycerine jor nitroglycerine should have been distilled 
at least once, should not contain sugar or fatty acids, should have a neutral reaction and should 
contain no lead, calcium, or other metals or foreign metalloids ; only traces of 01, As, and Pe 
are allowed : the specific gravity should exceed 1*26 at 15°. The purest glycerine (puriss). 
does not contain more than 0-03 per cent, of ash and not more than 0*2 per cent, of extraneous 
organic substances which do not evaporate at 175°, and for d 3 maniite these two should not 
exceed 0*25 per cent. Oxalic acid is detected by neutralising with ammonia, acidifying with 
acetic acid and precipitating with CaCla. The glycerine content is determined from the density 
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candle- or soap-works ; tke saponijdcation glycerine from candle-making is the better (since 
fats of higher quality are used for candles) and, although it is darker, it is more easily 
decolorised than that from soap lye. (B) Refined glycerine, which is subdivided into : 
pale, white, for dynamite, and chemically pure. 

The ffice of glycerine has undergone considerable fluctuation owing to various causes, 
often to collusion between speculators. Thus between 1867 and 1880, it varied between 
£12 and £42 per ton, while financial manoeuvres raised the price to £88 in 1881, since when 
the glycerine of soap lyes has been largely utilised. In 1884 the price of d 3 mamite glycerine 
fell to £24 per ton. 

In 1908-1909 the price of No. II dark brown crude glycerine at 24° Be. was £15 per 
ton and at 28° B4. £18 ; for the light brown variety, £23, and for the pale at 28° Be. £40. 
Yellow refined at 28° Be. cost £46 ; white refined No. I, £48 at 28° B6. and £45 at 30° Be. : 
free from lime for soap, £50 at 28° B6. and £54 at 30° B6. Finally the purest double- 
distilled for nitroglycerine at 31° Be. cost £60 per ton. At the beginning of 1910 these 
prices were increased by 25 per cent., and towards the end of 1910 by 50 per cent, or even 
70 per cent. At the beginning of 1911 they were still higher, mainly owing to the large 
amount required in North America for making dynamite for the Panama Canal and other 
public works. During the European War glycerine for dynamite cost as much as £320 to 
£360 per ton. 

C. TETRA- AND POLY-HYDRIC ALCOHOLS 

These are usually sweet, crystafline substances which decompose near their 
boiling-points. They are distinguished one from another by the crystalline 
forms of -their phenylhydrazine derivatives. 

They do not reduce Fehling’s solution, and hence differ from the carbo- 
hydrates, but are derived from these by reduction. 

The valency of an alcohol is given by the number of alcoholic hydroxyls it 
contains, and hence by the number of monobasic acid residues it can fix to form 
a neutral ester. Acetic anhydride serves well for tliis purpose, the hydrogen 
atoms of the hydroxyl groups being replaced each by an acetyl group, CH3 * CO : ^ 

C6Hs(OH)6 6(CH3 ■ 00)20 = 6CH3 • COOH C 6 H 8(0 * CO * CH3)6. 

Mannitol Hesacetylmaniiitol 

(the air-bubbles being removed by heating), use being made of the Table on p. 219 ; in Germany 
a special Berthelot scale is used indicating one degree higher than the Baume scale, 26° Berthelot 
corresponding with a specific gravity of 1-210, 28° with 1-230, 29° with 1-240, and 30° with 1-250. 
The index of refraction is determined at the temperature indicated in the Table. In many cases 
the glycerine is estimated directly by means of the acetyl number [see succeeding Note), but the 
method in which the glycerine is oxidised by hot permanganate and potassium hydroxide to 
oxalic acid and the latter precipitated as calcium oxalate should be rejected. The fairly rapid 
Hehner-Richardson-Jafie method, improved by Tortelli, is used more successfully : the glycerine 
is destroyed with dichromatc and sulphuric acid, and the amount of dichromate used up (or, 
according to Gautter and Schulze, the amount of GO 2 evolved) measured by titration with 
sodium thiosulphate, or, better, ferrous ammonium sulphate. This method assumes that the 
glycerine contains no chloride, nitrate, or extraneous organic matter; these impurities may, 
in any case, be eliminated by means of silver oxide (chlorides), and lead acetate and calcium 
carbonate (organic matter), decoloration being then effected by heating with animal charcoal. 

1 In this way is determined the so-called acetyl number which is so widely used in'^the analysis 
of fats and oils. With these, the test is made on the insoluble /aify acids obtained by saponifying 
40 to 50 grams of the fat with 40 c.c. of KOH solution (sp. gr. 1-4) and 40 c.c. of alcohol, this 
mixture being heated for half an hour on the water-bath, after which it is diluted with a litre 
of water_ and boiled for three-quarters of an hour in an open beaker to eliminate the alcohol. 
The liquid is acidified with sulphuric acid and boiled until the fatty acids separate in a trans- 
parent condition, when they are removed by means of a separating funnel, washed twice with hot 
water and dried in an oven at 100° to 105°. To determine the acetyl number, a few grams of 
the substance containing the hydro^l groups (or about 20 grams of hydroxylic fatty acids) 
is treated with two or three times its volume of acetic anhydride and a few drops of concen- 
trated sulphuric acid (formerly in place of the sulphuric acid fused sodium acetate, in quantity 
equal to the acetate anhydride, was used, the mixture being heated for two hours on the water- 
bath in a reflux apparatus). The mass heats spontaneously, and in a few minutes acetylation 
takes place ; it is then allowed to cool, calcium carbonate being added to precipitate the sulphuric 
acid, and the liquid filtered. The filtrate is distilled or evaporated to separate the acetate in a 
liquid or crystalline condition. 

In the case of the fatty acids, the filtrate is, however, diluted with 600 to 700 c.c. of water 
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Esters may also be prepared -with bromobenzoic acid, the bromine in the 
resultant product being determined and the number of hydroxyl groups 
deduced therefrom. Well-defined compounds are also formed -vrith benzal- 
dehyde and are employed in separating the constituents of different mixtures. 

ERYTHRITOL (Butantetrol), OH • CHg • CH{OH) - CH(OH) • CH^ • OH, is found in 
nature in the free state in Protococcus vulgaris^ and as orsellinic ester (erythrin) in lichens and 
other algse. It forms crystals, m.-pt. 112°, b.-pt. 330°, and is slightly soluble in alcohol and 
insoluble in ether. It is obtained by decomposing <f-glucose or synthetically from croto- 
nylene, and its constitution is deduced from the fact that it yields secondary normal butyl 
iodide on reduction with hydriodic acid. A similar reaction takes place with the higher 
polyvalent alcohols with normal chains. The four possible stereoisomerides are known, 
the most common being the one now described, which is optically inactive. 

PENTA-ERYTHRITOL has the formula C(CH 2 • OH))^, and melts at 253°. 

ARABITOL, C5H7(0H)5 (Pentahydroxypentane), crystallises in acicular prisms, 
m.-pt. 102°, has a sweet taste and is formed by reducing the corresponding sugar, arabinose, 
with nascent hydrogen; reduction of xylose similarly yields xylitol. 

MANNITOL, CgHg(OH)g (Hexanhexol), occm’s abundantly in the vegetable kingdom 
(the larch, celery, sugar-cane, Agaricus integer containing 20 per cent, of mannitol, etc. ), 
but especially in the manna ash [Fraxinus ornus), the dried juice of which forms ordinary 
manna ; ^ from this alcohol extracts pure mannitol, which may be decolorised by repeated 


and boiled for thirty to forty minutes in an open beaker to remove the acetic acid, a slow current 
of COa being passed into the bottom of the lic[uid to prevent bumping. The supernatant liquid 
is then siphoned from the acetyl compound, which is boiled with another 500 c.c. of water and 
so on, this operation being repeated until the washing water no longer has an acid reaction. 
The acetylated derivative is then collected on a filter, washed and dried in an oven. 

Of this compound, 0’5 to Igram is dissolved in pure, neutral alcohol, and the solution heated 
for forty-five minutes on the water-bath in a 160 c.c. flask, fitted with a reflux condenser, with 
a definite volume (30 to 50 c.c.) of seminormal alcoholic potash. When cold, the hquid is titrated 
with seminormal hydrochloric acid in presence of phenolphthalein to determine the excess of alkali 
which has not taken part in the splitting of the acetic ester. 

One hydroxyl group for every gram-mol of substance corresponds with 56 grams of KOH 
fixed. With the fatty acids, which contain also the carboxyl group, the procedure is as folloTvs : 
3 to 4 grams of the acetyl derivative is dissolved in pure, neutral alcohol and the acidity of the 
carboxyl group {acetyl acid value) determined by titration with N/2-alkali ; the neutralised liquid 
is boiled with a known volume in excess of N/2-aIcoholic potash for a short time on the water- 
bath, retitration with N/2-hydrochloiic acid giving the excess of alkali not combined with acetyl 
groups. The alkali combined (after the mst neutralisation), expressed in mgrms. of KOH 
per 1 gram of acetyl compound gives the acetyl^ number. With the fatty acids the sum of the 
acetylated acid number and the acetyl number is termed the acetyl saponification value. From 
the acetyl number {N), the molecular magnitude {M), of the alcoholic substance may be deduced 
, , . , ,, 56,100 

by the formula : M ~ — ■ — 42. 

^ Manna is extracted more particularly from Fraxinus ornus and Fraxinus rotundifolia, 
which are widespread in Sicily and Calabria and from which it readily flows through long vertical 
incisions made in summer and autumn. It seems to occur in the rising sap before this reaches 
the leaves, and is thought by some to be produced by enzyme actions. Crude, commercial manna 
contains 12 to 13 per cent, of water, 10 to 15 per cent, of sugar, 32 to 42 per cent, of mannitol, 
40 to 41 per cent, of mucilaginous substances, organic acids and nitrogenous matter, 1 to 2 per 
cent, of insoluble substances and 1 to 2 per cent, of ash. Australian manna {from Myoporum 
platycorpum) contains as much as 90 per cent, of mannitol. In the neighbourhood of Palermo, 
Fraxinus rostrata, which gives an inferior manna, is cultivated. 

The manna tree grows in fertile, d^ and even rocky soil and is incised in its tenth year and in 
the following ten or fifteen years. It is then cut back and the new branches incised in the seventh 
year and the succeeding ten or fifteen years. It is then again cut back, this procedure being 
continued for eighty or a hundred years. One hectare with 4500 trees gives as much as 100 kilos 
of ma.Tina, per annum. It is harvested in August and September. 

Manna is used as a mild purgative for children. It has a sweetish taste, is soluble in water 
or alcohol, and, besides mannitol, contains various sugars such as stachyose and mannatriose. 

To extract the mannitol, the crude manna is dissolved in half its weight of water containing 
wkite of egg. The solution is boiled for a few minutes and strained, and the filtered mass, 
solidified by cooling, pressed in bags, or, better, centrifuged and washed at the same time with 
a large quantity of cold water. It is redissolved in water and the solution boiled with animal 
charcoal, filtered under pressure, crystallised and centrifuged. The mother-liquors are used to 
dissolve fresh quantities of the crude manna. The fineness of the crystals' depends on the con- 
centration and on the temperature of the air; in some cases the crystallisation is disturbed by 
continually stirring the mass. 
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treatment with charcoal. In manna it was discovered hy Proust in 1806. It is obtained 
synthetically by reducing fructose or glucose : CgH^gOg -f Hg — CgHj 40 g. 

The optically inactive, Isevo- and dextro-rotatory forms are known, the last being the 
most common ; the optical activitj^ is slight, but is rendered more apparent by the addition 
of borax. When heated it loses water giving anhydrides [mannitan, CgHjgOg, and mannide, 
CgHjgO^); in a vacuum it distils unchanged. 

One hundred parts of water dissolve 16 parts by weight of mannitol at 16°. 

From alcohol it crystallises in triclinic acicular prisms and from water in large rhombic 
prisms having a sw’eet taste and melting at 160°. 

Stereoisomeric with mannitol is DULCITOL, CgHgCOHlg, which occurs in a number 
of plants and in Madagascar manna. It forms sweet, monoclinic prisms, m.-pt. 188°, and 
is almost insoluble in water, even in the hot. Synthetically it may be prepared by reducing 
lactose and galactose. It is optically inactive even in presence of borax. 

Another stereoisomeride of mannitol is sorbitol, which melts at 104° to 109°, or at 75° 
w'hen crystallised- with IH^O. It may be obtained synthetically by reducing f/-glucose 
or c/-fructose. In presence of borax it shows a slight dextro-rotation. 

Other stereoisomerides are TALITOL and IDITOL; these isomerides are usually 
separated by means of the acetals they form with benzaldehyde. 


DD. DERIVATIVES OF THE ALCOHOLS 
A. DERIVATIVES OF MONOHYDRIC ALCOHOLS 
1. ETHERS 

These are generally formed by eliminating 1 mol. of water (for example, 
by concentrated sulphuric acid or by hot hydrochloric acid) from 2 mols. of 
alcohol, which condense to form 1 mol. of ether in the same way as 2 mols. of 
an acid give an anhydride : 

C 2 H 5 • OH 

CH 3 • OH ~ + CH 3 

Ethers are not formed by secondary or tertiary alcohols. The first term of the 
series, methyl ether, is gaseous, and the succeeding terms become liquid and 
then solid as the molecular weight increases, the ethereal odour of the first 
members being gradually lost. 

The empirical formulae of the ethers show them to be isomeric with the 
alcohols, but their constitution results from Williamson’s synthesis, according 


Sometimes the manna solutions are first subjected to lactic fermentation, by which means 
considerable quantities of calcium lactate are obtained ; the mannitol is then extracted from the 
residual liquors. 

Mannitol is not fermented by beer-yeast, hut with chalk and sour cheese it gives a consider- 
able amount of alcohol, volatile acids, carbon dioxide, and hydrogen. When cautiously oxidised 
with nitric acid, it forms -mannose and d-fructose, whilst with the Sorbose bacterium it o-ives 
only the latter sugar. * 

“Mannitol has a slight lievo -rotation (— 15°) which is increased by alkali and changed in sio-n 
by borax. It dissolves in 6-5 parts of water at 18° in 80 parts of 60 per cent, alcohol at 15° 
or in 1400 parts of absolute alcohol ; it is insoluble in ether. ’ 

Manna in casks costs 3^. to 55. per kilo; assorted, Is. 7d.; in lumps, The average 

price of manna (from Cefalu) on the Genoa Exchange gradually rose from about 25 . Id 
in 1901 to about 45. 7d. in 1910, when pure crystallised mannitol cost 7s. to IO 5 . per kilo The 
best qualities of manna are those from Cefalu, Gerace, and Smauro ; of inferior quality’ is the 
Capaci variety, which is produced also at anisi, Belmonte, Castellamare del Golfo, etc. The 
Sicilian production, which represents almost the entire production of the world, was about 360 
tons in 1900, 700 in 1902, 510 in 1905, 690 in 1906, 455 in 1908, and less than 300 (owino- to the 
bad season) in 1910. The output of mannitol in 1910 was 50 tons, but usually about 300 tons 
of manna are treated per annum for the production of mannitol— about 100 tons— ono-third or 
one-fourth of which is consumed in Italy. 

The exports of manna from Italy are as follows (tons) ; 


1908 1910 1912 1913 

Tons . . 178 312 377 350 

Value, £ . 26,285 ■ — ' 105,560 — - 


1914 1915 1916 1917 191S 

267 231 278 245 206 

48,510 — 83,400 — 70,000 
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to which, they are obtained by the action of a sodium alkoxide on the halogen 
derivative of an alcohol : 


-2»i + l * + l 

If in the sodium alkoxide the sodium were not united to the oxygen, but 
^rectly with carbon, this reaction would give an alcohol and not an ether; 
indeed, if sodium ethoxide were NaCHg ‘ CHg * OH, it would, with methyl iodide, 
give propyl alcohol : CH3I + HaCH^ • CH^ • OH = Nal + CH3 • CH^ • CH^ • OH. 
In reality, however, methyl ethyl ether, and not projiyl alcohol, is obtained, this 
proving the constitution of the metallic alkoxides and of the ethers, in which 
all the hydrogen atoms are equivalent. 

The interaction of silver oxide with alkyl halides (see p. 17 ) also leads to 
the formation of ethers : 2C2H5I + AggO = 2 AgI + C2H5 • 0 • CgHg. 

If the alkyl radicles of an ether are similar, it is a simple ether, e. g., ethyl 
ether, C2H5 * 0 ’ C2H-, whereas if the radicles are different, the result is a 
mixed ether, e. g., methyl ethyl ether, C2H5 * 0 * CHg. 

Sabatier, Senderens, and Mailhe (1909-1910) obtained ethers of different types, some 
mixed and of the aromatic series, by passing the superheated vapours of alcohols (250° to 
350°) over metallic oxides (titanium, thorium, tungsten, or, best of all, aluminium). The 
yield is quantitative, no ethylene hydrocarbons being formed, as is the case when sulphuric 
acid is used. The process is continuous and pseudo-catalytic, unstable aluminium alkoxide 
being formed as an intermediate product : (C 2 H 50 ) 6 Al 2 = AlgOg + 3(C2H3)20. In some 
cases this general method may be advantageously employed industrially. 

When the ethers are prepared from the alkoxides in alcoholic solution there should not 
be an excess of water (more than 50 per cent.) present, otherwise the alkoxide decomposes 
into alcohol and alkali hydroxide and no ether is formed. 

Also when sulphuric acid (or HCl) is used in the preparation, an equilibrium sets in 
between the reacting products — intermediate and final — ^this equilibrium being regulated 
by the mass law, so that a certain yield caimot be exceeded except by eliminating some 
of the new products formed (c. g., by gradually distilling the ether; see later) : 

[а] C2H5 . OH + H2SO4 = C2H3 • SO4 H -f HgO. 

Ethylsulphuric acid 

(б) C2H5 . sb^H + C2H5 • OH = H2SO4 -f C2H3 . 0 • C2H3. 

The sulphuric acid is regenerated and can transform fresh alcohol into ether ; theoreti- 
cally, then, the initial quantity of sulphuric acid should be sufficient to transform an 
infinite quantity of alcohol into ether, but in practice it is necessary to add a small quantity 
of the acid each time, as some of it is used up in the formation of sulphur dioxide, ethylene, 
and sulphonated products. Thus, in practice the process is not continuous in the strict 
sense of the term, since in the phase [a) water is formed, and this caimot all be eliminated 
by distillation, but after a time accumulates in such quantity as to establish an equilibrium 
between the formation of ether and the decomposition of ethjdsulphuric acid, alcohol and 
sulphuric acid thus being regenerated. 

The ethers are very stable and scarcely react in the cold with alkalis, dilute 
acids, sodium or phosphorus pentachloride. When superheated with water 
and a little mineral acid, ether is converted back into alcohol : 

C2H3 • 0 • C2H3 + H2SO4 = C2H3 • OH + C2H5 • SO4H, 

and the same change occurs on saturating ether at 0° with gaseous hydrogen 
iodide : 

(C2H3)20 + HI = C2H3 • OH + C2H3I, 

the hydrogen iodide subsequently converting the alcohol also into ethyl iodide ; 
when mixed ethers are taken, the iodine unites preferably with the radicle 
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contaimng the lesser amount of carbon. PCI5 also decomposes the ethers on 
heating : 

{0,-K,),0 + PCI 5 - POCI 3 2 C 2 H 5 CI. 

The halogens give substitution products just as they do with the hydro- 
carbons, but nitric acid gives oxidation products. 

In the ethers are reproduced all the cases of isomerism presented by the 
alkyl groups from 'which they are derived, there being consequently numerous 
cases of metamerism {see p. 18), e. g., methyl amyl ether, CH3 ■ 0 • C5E11, is 
metameric with ethyl butyl ether, C2H5 * 0 * C4H9, and also with dipropyl 
ether, C3H7 ‘ 0 ' C3H7, all these having the empirical formula CgH^^O. 

METHYL ETHER, CHg • 0 • CH 3 (Methoxymethane), is a gas, but liquefies at 

23°, and tben has the sp. gr. 1-617 ; it resembles ethyl ether. One volume of water 
dissolves 37 vols. of the gas, and 1 voi. of sulphuric acid 600 vols. of it. 


ETHYL ETHER, (Ethoxyethane), * 0 * C^Hg. This was pre- 

pared for the first time in the sixteenth century by Valerius Cordus from spirit 
of wine. It w'as formerly thought to contain sulphur, and was therefore given 
the name sulphuric ether, still in use. Its true composition was estabhshed by 
Saussure and by Gay-Lussac (1807 and 1815), and the constitution was enun- 
ciated by Laurent and Gerhardt and confirmed experimentally by Willi amson. 
It was thought for a long time that the sulphuric acid employed in the manu- 
facture of ether possessed the sole function of fixing and subtracting water 
from the alcohol. Since, however, it was found that water formed in the 
reaction always distilled with the ether, this hypothesis became invalid, and 
Berzelius and Mitscherlich attributed the reaction of etherification to the 
catalytic action of the sulphuric acid. 

'Later on Liebig maintained that the ether is formed by the direct decom- 
position of the intermediate product (ethylsulphuric acid) with separation, 
in the hot, of SO3. Graham, however, succeeded in showing that ethylsulphuric 
acid, when heated alone at 140°, does not give ether but that the latter is 
formed in presence of alcohol. In 1851 Williamson gave the true explanation 
of the process by dividing the reaction into two phases {a and 6, see precedino" 
page) ; the secondary products, explaining the loss of sulphuric acid (see above) 
were discovered later. 

Etherification takes place also if the sulphuric acid is replaced by phos- 
phoric, arsenic, boric, or hydrochloric acid. ^ 

Sulphur dioxide, which is formed and lost in this process, is not produced 
if the sulphuric acid is replaced by an aromatic sulphonic acid, for instance 
CeHs^SOgH, or the corresponding chloride, CgHs • SO^Cl (Kraft and Ross’ 
Ger. Eat. 69,115), the temperature of the reaction being then slightly above 

100 : , o j 


(а) C2H5 • OH + C5H5 • SO3H = HjO + CgHs • SO, • OC.H. 

(б) C2H3 • OH + C3H3 • SO, • oc^h: = (c;h;) 20 + qn I03H. 


J. W. Harass process (U.S. Pat. 711,656) may have an industrial 
iuture; in tins acetylene and hydrogen give ethylene which, with HHO, 
forms ethylsulphuric acid, the latter then forming ether under the action of 

Tiro 


Good results are also given by the use of metUonic acid, CK(SOoH)„ 
proposed by Schroeter and Sondag in 1908; 'with this acid all the higher ethers 
may be prepared and 10 per cent, of the acid (on the weight of alcohol) is 
sufficient to give a continuous distillation of ether. 

Senderens transfori^ alcohol vapour quantitatively into ether by passing 
alumina heated exactly to 260° {see p. 227). 

PROPERTIES. Ether is a colourless, very mobile Mquid of pleasant 
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odour, boiling at 34’9°, solidifying at — 129° if dry, and at —40° if aqueous, 
and melting at -113°; it has the sp. gr. 0'712 at 25°, 0‘7196 at 15°, 0*7289 at 
6*9°, or 0*736 at 0 °. Contamination of ether by water and alcohol may be 
detected at once by the specific gravity, which reaches the value 0*735 at 15° 
when the maximum proportion of water, namely, 7*5 per cent., is present. 
Commercially the density of ether is given in degrees Baume (scale for liquids 
lighter than water). 

The vapour density of ether at various temperatures in millimetres of 
mercury is as follows : 

Temperature -20° -10° 0° +10° 20° 30° 40° 50° 70° 90° 110° 120° 

Pressure . 67-5 113-4 1S3-4 286-4 433 636 910 1271 2308 3898 6208 7702 

On evaporation, it produces intense cold. It inflames very readily, but is 
not inflammable when mixed with 35 to 50 per cent, of carbon tetrachloride. 
With air it forms explosive mixtures (p. 34). It is obtained anhydrous by 
distilling over a little sodium. 

J. Meunier (1907) has found that mixtures of ether vapour and air are 
inflammable and explosive when they contain betw’-een 75 and 200 mgrms. 
of ether per litre of air. 

As ether vapour is much heavier than air (mol. wt. 74), it tends to collect 
in a dense, invisible layer on the floor or bench and may cause fire or explosion. 
It is soluble in concentrated hydrochloric acid. In the pure, dry state it is 

stable in the air, but it assumes an acid reaction if water or alcohol is present. 

Water dissolves 6*5 per cent, of ether at 19°, and ether dissolves about 
2*25 per cent, of water at 20°. When 20 c.c. of water is shaken in a cylinder 
with 20 c.c. of pure ether and then left at rest, the volume of the aqueous layer 
increases by 2 c.c. (solubility of ether in water; a small portion of the water 
passes into the ether) ; if the ether contain alcohol, the increase in volume 
of the water will be greater than 2 c.c., whilst if much alcohol be present, a 
single solution will be formed. Addition of water to a solution of one part 
of ether in three parts of alcohol results in dissolution of the water and in 
separation of a little of the ether, whilst in a solution of one part of ether in 
four parts of alcohol water dissolves without causing separation of ether. 
Aqueous ether may be recognised by the turbidity produced on shaking it 
■with a small quantity of carbon disulphide. Ether dissolves in large amount 
in sulphuric acid (monohydrate), forming ethylsulphuric and ethionic acids 
and ethyl sulphate ; 92*5 per cent, sulphuric acid readily dissolves ether almost 
or quite unchanged, but when heated, this solution forms ethyl sulphate and 
ethionic acid, which at a high temperature yields ethylene (1 vol. of sulphuric 
acid dissolves 1*67 vols. of ether). If, however, the sulphuric acid is diluted 
to 55° Be. (after fixation of the ether), the ether may be recovered more 
completely (see note, p. 232). 

It is an excellent solvent for many organic substances, especially for fats. 
It combines with certain inorganic substances (chlorides of tin, aluminium, 
phosphorus, antimony, etc.) as ether of crystallisation. With chlorine in the 
cold it gives successively : monocMoroethyl ether, CH 3 * CHCl * 0 * CgHg (b.-pt. 
98°) ; ethyl dichloroethyl ether, CH 2 CI * CHCl ‘ 0 * CgHg (b.-pt. 145°) ; ethyl 
trichloroethyl ether, CHClg * CHCl * 0 * CgHg (b.-pt, 170° to 175°), and penta- 
chloroethyl ether, (C 2 Cl 5 ) 20 , which boils at 68 °, decomposing into C 2 Cle and 
trichloroacetyl chloride, CCI3 * CO * Cl. Ether dissolves Br, I, FeCls, HgCl 2 , 
AuClg, and chromic acid. 

The action of light on ether produces small quantities of hydrogen peroxide, 
acetaldehyde, acetic acid, and vinyl alcohol. In contact with platinum black 
it ignites, ^^en poured into a cylinder of chlorine it explodes and forms 
hydrogen chloride, whilst in the dark the slow reaction yields perchloroether. 
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Ether is an ancestJietic and was used as such before chloroform; it is again 
coming into use at the present timo, as it is less dangerous, although it produces 
certain disturbing effects, for ^example, in the lungs. For this purpose it 
must be used in a highly purified condition; use of a cork in the bottle is 
sufficient to alter it. 

When mixed with liquid carbon dioxide, it lowers the temperature to 79-5*^ 
below zero. It decomposes at above 600°, giving acetaldehyde. 


INDUSTRIAL PREPARATION OF ETHER. Use was formerly made in many 
works of Siissenguth -vessels, which are double-walled and made of iron and lead-lined. 
Later large iron pots, homogeneously leaded, were adopted, these being heated by high- 
pressure steam circulating either through a jacket or false bottom, or, more efficiently, 


through leaded copper coils 
arranged inside the vessel 
(e. g., Bar bet type. Fig. 
178). At 135° to 140°, 
however, these wear out 
-within a few months, even 
when made of heavy lead 
castings. HempeF endea- 
voured to lessen this trouble 
by making the lower half 
of the vessel of a single 
casting of hard lead, with 
the heating coils in the 




Fig. 178. 


Fig. 179. 


thickness of the walls; such vessels, although very expensive, are highly durable and 
require less frequent repair. 

Until a few years ago crude ether, contaminated with water, alcohol and sulphur 
dioxide was made and then subjected to purification and rectification in another part of 
the works. Nowadays, however, general use is made of continuous process plants, which 
give directly pure ether, these being constructed by Messrs. Barbet (France), Eckelt 
(Berlin), and F. H. Meyer (Hanover). Fig. 179 shows the arrangement of an ether plant 
designed by H. Meyer : The pot a contains the mixture of alcohol (5 parts of 90 per cent., 
free from fusel oil) and sulphuric acid of 66° Be. (9 parts, free from nitric and nitrosyl- 
sulphuric acids when copper vessels are used), this being heated by means of indirect steam 
to the temperature at which ether forms. From -the tank a', situated just under the roof, 
a continuous, regular stream of alcohol flows into a, and is there converted into crude ether, 
the vapour of which, after traversing the safety vessel b, where spray is retained, is washed 
with soda solution in the column c and then rectified in the column/. Here mainly the 
water and alcohol are condensed, the aqueous alcohol descending to the rectifying column 
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iij_, where the water is discharged at the bottom, while the alcohol vapour passes to the 
dephlegmator and then to the condenser k; the pure concentrated alcohol is collected 
in the tank m. The rectified ether vapour from the column proceeds to the dephleg- 
mator 72/3, and the liquid ether through the three purifjdng and drying cylinders g, g^, and 
g'g to the carboys ss. The ether vapour escaping from g, g^, and pg is condensed in the 
coil h by means of brine from a refrigerating plant and the condensate collected in 

Some manufacturers use a mixture of 5 parts of 95 per cent, alcohol and 12 parts of 
sulphuric acid of 66° Be. 

Theoretically 124-3 parts of pure alcohol are required per 100 parts of ether. The 
^radical yield of ether is about 95 per cent, of the theoretical, about 0-5 kilo of sulphuric 
acid being consumed per 100 kilos of ether. 

Heckmann’s apparatus for working on a small scale is shown in Fig. 180 : ^ is the 
alcohol reservoir which feeds the alcohol regularly through the tap, a, and the glass vessel, 
h, to the still, jB, containing the sulphuric acid ; indirect steam under pressure is supplied 
to the coil, e. The ether continually distilling over 
is condensed in the coil, G, immersed in cold water. 

The premises where the distilling apparatus is 
situated are usually separated by thick walls from the 
condenser, in order to avoid the danger of fire and 
explosion. Some premises are fitted with channels 
and draught-apparatus for rapidly dispersing any 
vapour which may find its way into the air. The 
distilled vapour is condensed in closed apparatus, the 
only outlet to which is a tube opening on the roof. 

The maximum detonation occurs when 1000 litres of 
air contains 125 grams of ether vapour, but slight 
detonations also take place with 38 grams or 200 
grams of the vapour; in the last case the gaseous 
mass is inflamed by a lighted substance or an electric 

If the temperature of etherification exceeds 140'^, 
the yield diminishes, as a considerable quantity of 
ethylene is then formed : CgHg • OH = HgO -f CgH^. 

On the other hand, if the temperature falls below 
130°, a large amount of alcohol distils without 
reacting. 

The alcohol for making ether is denatured so as to 
be exempt from taxation, and in Germany animal 
oil (Dippel’s) is added, this being then fixed and 
decomposed by the sulphuric acid. In Italy the 
alcohol is denatured with sulphuric acid. 

D. Annaratone (Ger. Pat. 231,395, 1909) obtains increased yields of ether by passing 
alcohol vapour, superheated to 130°, into a column filled with pebbles, among which the 
sulphuric acid is circulated or sprayed; for 100 kilos of ether only 180 kilos of steam is 
required for heating instead of 700 kilos used in the old process. From the top of this 
column issue the ether vapour and the excess of alcohol vapour, the latter being condensed 
in a superposed rectifying column kept' at a convenient temperature ; the ether vapour 
is rectified in a subsequent column, where a little alcohol is condensed, and then passes to 
the refrigerating coils, in which it is completely condensed. The condensed alcohol is 
brought continuously to the desired concentration by means of a suitable rectifying column. 

P. Fritzsche (1912) suggests the manufacture of ether by fixing the ethylene of oil-gas 
[see p. 61) by means of sulphuric acid, the resulting ethylsulphuric acid being diluted and 
heated to give ether and sulphuric acid. 

USES AND PRODUCTION. Ether is used in small quantity as an anesthetic, and in 
large quantities in the manufacture of collodion and artificial silk (1000 kilos of silk require 
about 5000 kilos of ether), as well as for smokeless powders (Powder B)?- It serves also 

^ Recovery of ether from the air. In the manufacture of smokeless powders and especially 
of powder B {see later : Explosives), enormous quantities of ether, mixed with alcohol, are used. 
In the Ferrania (Savona) works of the Societa Italiana Prodotti Esplodenti, where powder B 



Fig. 180. 
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as a solvent for numerous organic compounds in dye and perfume factories. In Ireland 
it is drunk as a liq^ueur — a refined form of alcokolism. 

The amount of ether manufactured in Germany in 1902 was about 2000 ‘tons, without 
counting that now made in large quantities for the production of artificial silk by the 

Chardonnet-Lehner process. ^ •. • i 

In Italy large amounts of ether were manufactured prior to 1910 when the artificial 
silk works used the Chardonnet process. During the European War it was made for 
preparing smokeless powder (Powder B) ; it is protected by a Gustoms duty of £72 per ton. 
In 1907, Gulinelli’s distillery (Ferrara) alone produced 359 tons of ether. Owing to the 
crisis in the Italian artificial sills industry, the production had fallen considerably 
in 1910. 

Ether exempt from duty was sold in Germany before the war at £40 per ton if its sp. gr. 
was 0*722, whilst the price of the pharmacopceial product, sp. gr. 0*720, was £90. Taxed 
ether, distilled over sodium and chemically pure, cost 4^. per kilo. In 1909, ether for 
artificial silk manufacture cost £2 II5. per hectolitre in Belgium and £2 14.s. in Austria. 
In general ether costs one and a half times as much as alcohol. 

TESTS FOR ETHER. Ether containing water or alcohol has a specific gravity between 
0*720 and 0*733. Wlien 20 c.c. of ether is shaken with 5 c.c. of water, the latter should 
not assume an acid reaction. Ozone or hydrogen peroxide may be detected by means of 
potassium iodide solution, which is turned brown in the dark in the course of an hour. 
White ignited copper sulphate is rendered green or blue by aqueous ether. Eder (1876) 
and Dan Tyrer showed that cadmium iodide is insoluble in absolutely dry ether, 0*64 per 
cent, of the iodide being dissolved for each 0*1 per cent, of water present. 

In a mixture of alcohol and ether, Fleischer and Frank (1907) determine the proportions 
of the two components by shaking 10 c.c. of the mixture in a graduated tube with 5 c.c. 
of benzene and 6 c.c. of water : the increase in volume of the water shows the amount of 
alcohol and that of the benzene the amount of ether. 

Various chlorinated derivatives of ether are known. 

Ethyl Peroxide, CgHg • 0 • 0 • CgHg, is prepared by introducing ethyl groups into 
hydrogen peroxide by means of ethyl sulphate ; it is a liquid, b.-pt. 65®, difficultly soluble 
in water and very readily inflammable, but is moderately stable towards chemical 

In 1901 Baeyer prepared also the Hydrate of Ethyl Peroxide, CgHgO • OH, as a colour- 
less liquid, which possesses strong oxidising properties, dissolves in water, boils at 95®, 
and forms barium and other salts. 


is made, a plant capable of producing 20,000 kilos of ether per day is at work. In some of the 
large French works making powder B, the daily consumption of ether exceeds 100 tons, although 
50 per cent, of it is recovered. The recovery of the ether is hence a problem of great import- 
ance. The air drawn from the galleries or chambers where the powder B (which contains about 
35 per cent, of ether and 18 per cent, of alcohol) is dried contains as much as 400 grams of other 
and alcohol per cubic metre. Part of this air is passed through a refrigerating chamber at 
— 15° and issues with only 20 to 30 grams of ether per cubic metre ; it is then mixed with the 
portion which has not been cooled and again traverses the drying galleries or chambers at 40°, 
and thus becomes saturated again with alcohol and ether. This air is circulated by means of 
fans having a capacity of 10,000 to 15,000 cu. metres per hour; the part which is cooled con- 
stitutes only one-sixth or one-tenth of the whole volume. The solvent condensed by the cooling 
contains 60 per cent, of ether and 40 per cent, of alcohol. After this treatment the powder B 
still contains more than 20 per cent, of solvent and is dried completely in a gentle current of 
air, which takes up less than 35 grams of ether-alcohol per cubic metre and is usually not passed 
through the recovery apparatus. By this system about 56 per cent, of the ether and 36 per 
cent, of the alcohol used are recovered. 

According to another system the ether is fixed by passing the air through concentrated 
sulphuric acid, which is afterguards diluted and heated, the hulk of the ether being thus liberated 
(see p. 229); about 60 per cent, of the total solvent is thus recovered. The use of castor-oil 
in place of sulphuric acid has also been suggested, this fixing both ether and alcohol and 
subsequently giving them up in good yield. 

J. H. Bregeat fixes the alcohol and ether of the air by means of cresol (.see laier : Benzene 
derivatives), b.-pt. 195° to 205°, which absorbs even 5 grams of these compounds per cubic 
metre of air ; all the alcohol and ether is recovered from the solution by heating the latter 
in iron vessels at 125° to 130°, the cresol being afterwards cooled and used again. In this way 
92 to 95 per cent, of the alcohol and ether is recoverable, the cost being one -half of that incurred 
when sulphuric acid is used and one-third of that of the freezing method. 
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11. THIO-ALCOHOLS AND THIO-ETHERS 

These have the same constitution as the alcohols and ethers, excepting 
that the oxygen is replaced by sulphur. They are very volatile and inflam- 
mable liquids, almost insoluble in water and having repulsive garlic-like odours ; • 
in the higher members, however, the odour diminishes and the solubility in 
water vanishes, although they continue to be soluble in alcohol or ether. 

(a) THIO-ALCOHOLS (or Mercaptans or Thiols or Alkyl Hydrosulphides), 
lower boiling-points than the corresponding alcohols. They 
are feebly acid in character and form salts called Mercaptides, e. with mer- 
curic oxide. They are soluble in concentrated alkali solutions. They may be 
regarded as hydrogen sulphide in which one atom of hydrogen is replaced by an 
alkyl radicle, e. gr., ethanthiol or ordinary Mercaptan, CgHjSH. As acids they 
are monobasic, and salts are formed with metallic sodium or potassium ; the 
lead salts are yellow and are obtained by the action of lead acetate in alcoholic 
solution. Mtric acid transforms the mercaptans into alJcyIsulpho7iic acids : 
C2H5SH -h 30 = C2H5 • SO3H. 

With iodine, the salts of sodium, etc., give disulphides : 

2CASNa + I 2 = 2NaI -f 

which, with hydrogen, give mercaptans, and with nitric acid disulpJioxides, 
(02115)28202 ; concentrated sulphuric acid gives disulphides and is itself reduced 
to sulphur dioxide. 

(&) THIO-ETHERS (or Alkyl Sulphides), are neutral, readily 

volatile liquids, and afford a good illustration of the variability of the valency 
of sulphur (di- to hexa-valent). 

They may be regarded as derived from hydrogen sulphide by replacement 
of the two hydrogen atoms by alkyl groups. With salts they form double 
compounds, e. g., ethyl sulphide with mercuric chloride gives (CgHglgS, HgClg. 
They combine with halogens, giving, for instance, (C2H5)2SBr2, whilst w^hen 
treated with dilute nitric acid they fix an atom of oxj^gen, yielding, e. g., 
(02115)280, ethyl sulphoxide : with more energetic oxidising agents, a further 
oxygen atom is taken up with formation of sulphones, e. g., Diethylsulphone, 
(020:5)2802. With hydrogen, the sulphoxides give sulphides, but the sul- 
phides are not reduced. They combine with alkyl haloids, forming sulphonium 
compounds, e. g., ethyl iodide and ethyl sulphide give Triethylsulphonium 
Iodide, (02115)381, which reacts like metallic iodides with silver h^^droxide, 
yielding Triethylsulphonium Hydroxide, (CgHglgS * OH. 

METHODS OF FORMATION. They are obtained: ( 1 ) by heating alkyl haloids 
or salts of alkylsulphnric acids with an alcoholic or aqueous solution of potassium sul- 
phide or hydrosulphide: CgHgEr -f KSH = KBr + C2H5SH ; 2C2H5Br -f KgS = 2 KBr 
-}- (OgHglgS; 2C2H5 . SO4K + KgS = 2^2804 + (CgHslgS. 

( 2 ) By the action of phosphorus pentasulphide, PgSg, on ethers. Mixed sulphides 
also may be obtained by these and various other methods. 

METHYL HYDROSULPHIDE (Methanthiol), CHg • SH, is found among the gases 
from the anaerobic decomposition of proteins (for instance, in the intestines of animals). 

It is a nauseous liquid, lighter than water and boiling at 6°. 

METHYL SULPHIDE, (CHglgS, is a liquid, b.-pt. 37 °, having a disagreeable ethereal 
odour. 

ETHYL HYDROSULPHIDE (Ethanthiol, Ethylmercaptan, or Mercaptan), 
C2H5.SH, is a liquid, b.-pt. 36 °, having a repulsive odour and is used for the preparation 
of sulplional.'^ With sodium ethoxide in alcoholic solution it gives Sodium Mercaptide, 
CgHgSNa, in white crystals ; Mercuric Mercaptide, (CgHgSlgHg, has also been obtained. 

^ SULPHONAL is an Important anajsthetic (seep. 118 ) and is obtained by saturating an 
acetone solution of ethylmercaptan with gaseous hydrogen chloride or by treatment with zinc 
chloride, the mercaptol, C(CH3)2 (SC2H'5)2, thus formed being oxidised by potassium perman- 
ganate to form sulphonal, C (0113)2 (8620363)2, which crystallises in colourless, odourless, insipid 
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ETHYL SULPHIDE, (C2H5)2S, is a liquid, b.-pt. 92°, insoluble in water, and forms 
a crystalline bromide, (C2Hg)2SBr2. 

ETHYL DISULPHIDE (Ethanodithioethane), (€2115)282, boils at 151°, and is 
obtained by the action of iodine on mercaptan. 

’ ETHYL SULPHOXIDE (Ethanosulphoxyethane), (C2H5)2SO, is a dense liquid, 
soluble in water, and readily reducible. 

ETHYLSULPHONE (Ethanosulphonethane, Diethylsulphone), {C2Hg)2S02, boils 
unchanged and does not undergo reduction, 

TRIMETHYLSULPHONIUM IODIDE, (CHg^gSI, obtained from sulphur and methyl 
iodide, forms white crystals soluble in water and with silver hydroxide gives the Hydroxide, 
(CH3)3S0H, which is an energetic base and displaces ammonia from its salts. 

III. ETHERS OF ALCOHOLS WITH INORGANIC ACIDS 

Ethers formed from an alcohol residue and an acid residue are termed 
Compound Ethers or Esters, We shall here describe those derived from 
mineral acids and shall consider organic acid esters more in detail when the 
acids themselves have been studied. The esters may be regarded as derived 
either from acid by the replacement of the acid hydrogen by an alkyl residue, 
as with the salts, or from alcohols by replacement of the hydroxylic hydrogen 
by an acid radicle : 

HNO3 . KNO3 • • • CgHg-NOg 

or CsHg-OH C2H5 -0(^02) C2H5-0(S03H). 

Monobasic acids form only one class of esters, viz., normal esters. 

Dibasic acids form two series of esters, normal and acid : e.g., C2H5HSO4, 
acid ester, and (02115)2804, normal ester. 

Tribasic acids give three kinds of esters with constitutions analogous to 
those of the salts. 

The Normal Esters are neutral liquids of agreeable odour, moderately 
volatile and insoluble in water. 

The Acid Esters have acid reactions, are less stable, odourless, soluble in 
water, and volatile without decomposition. 

In general, these esters are decomposed by alkali or water at a high tempera- 
ture ( 150 ° to 180 °), the components being regenerated; this change is known 
as Saponificatio 7 i : CgHgNOg -f KOH = CgHs’OH -}- KNO3. 

FORMATION. ( 1 ) They are usually formed by the interaction of the 
components (absolute alcohol -f acid), the water which gradually forms being 
fixed and the resulting ester distilled. With some acids, the corresponding 
salts in presence of concentrated sulphuric acid at 100° to 130 ° are taken, 
so that the acid is obtained in the nascent state and the ester driven off as it is 
formed. They are more readily obtainable by saturating the mixture of 
alcohol and salt with gaseous hydrogen chloride. 

‘ (2) From the silver salt of the acid and an alkyl iodide : 

Ag 2 S 04 + 2C2H5I - 2 AgI + S 04 (C 2 H 5 ) 2 . 

( 3 ) From the alcohol or alkoxide with the chloride of the acid : 

2 + 2C2H5OH =: 2 HC 1 + S0(0C2H5)2 ; and 
POCI3 -f 3C2H50]lSra = 3 NaCl -f PO( 0021X5)3 {ethyl phosphate). 

( 4 ) By passing the vapours of the acid and alcohol together over a catalyst 
as much as 50 per cent, of the ester is obtained. 

prisms, m.-pt. 125 to 126°, boiling unchanged at 300°. It dissolves slightly in water, alcohol 
or ether in the cold, but is readily soluble in boiling water or alcohol. When heated in a tube 
mth powdered wood charcoal, it emits the repulsive odour of mercaptan, one-four hundred 
millionth of a milhgram of which is detectable. If is sold at 245. per kilo. 
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1 . ESTERS OF SULPHURIC ACID AND ALKYLSULPHURIC ACIDS. These 
are generally prepared from fuming sulphuric acid and alcohol, or from silver sulphate 
and alkyl iodide or from alcohol and sulphuryl chloride, 

SOjClj + 2C2H5OH = 2 HC 1 4- SOsCCaHsO)^; 
acid esters {aUcylsidphurie acids] also exist. Tertiary alcohols do not form these esters. 

Ethyl Sulphate, (CjHjljSOj, is an oily liquid with, an odour of mint and a pronounced 
acid character ; it boils at 208 ° and is easily saponified, even by boiling with water alone. 
It is formed by heating ethylsulphuric acid : 

2G2H-SO4H = SO4H2 + 

Ethylsulphuric Acid, CgHgSO^H = (CgH^O • SO3H), is formed as an initial product 
in the manufacture of ether (p. 228 ). It is soluble in water and is distinguished from 
sulphuric acid by the solubility of its calcium, strontium, barium, and lead salts. It 
gives well crystallised salts, the potassium salt being largely used for preparing ethyl 
derivatives, e. gr., when it is dry-distilled with potassium bromide : 

KBr + C2H5SO4K = SO4K2 -f C^HsBr. 

2. DERIVATIVES OF SULPHUROUS ACID : (a) Sulphurous Esters ; (b) Sul- 
phonic Acids. 

{a) Ethyl Sulphite, S03(C2Hg)2, and ethylsulphurous acid, CgH^SOgH, The latter 
is known also in the form of salts and both are readily saponified, since the sulphur is not 
directly united with carbon : CH3 * CHg • 0 • SOgH. 

(6) Ethylsulphonic Acid, C2H5 • SO3H, is obtained by the reaction 

C2H5I -i- SOgNag = Nal + CaHgSOgl^a ; 
or by oxidising the thioalcohois : CgH^SH +03= • SO3H; or thus : 

2C2H5I -f- + (C2^5)2®^3 ethylsulphonate). 

Sulphonic acid compounds are not saponifiable; diethylsulphonic acid is saponifiable to 
the extent of one-half, since in the sulphonic acids the sulphur is united with carbon; 
CHg • CHg • SO2 • OH ; the presence of hydroxyl is shown by the fact that with PCI5 it forms 
CgHg • SOgCI, which wdth hydrogen gives ethylmlpMnic acid, CgH-SHOg, the salts of the 
latter reacting with alkyl haloids to form sidphones. Sulphonic acids are strong acids and 
give salts soluble in water. 

3 . ESTERS OF NITRIC ACID. These are explosive if heated rapidly and undergo 
saponification when boiled with an alkali. Tin and hydrochloric acid reduce them, giving 
Hydroxylamine, NHgOH, the nitrogen being separated from the radicle as in saponification. 

METHYL NITRATE, CHgO-NOg, obtained by treating a mixture of methyl alcohol 
and potassium nitrate wdth concentrated sulphuric acid, is a colourless oil of unpleasant 
odour and sweet taste. It boils at 66°, has the sp. gr. M 82 at 22 °, is soluble in alcohol 
or ether, but insoluble in water, and is explosive and dangerous to handle. 

Ethyl Nitrate : CgHgO • NOg, a liquid boiling at 86°, is obtained from absolute alcohol 
and concentrated nitric acid, the formation of the dangerous nitrous products being prevented 
by addition of a little urea. 

4 . ESTERS OF NITROUS ACID. These are easily obtained by passing nitrogen 
trioxide (NgOg) into the alcohols, or by treating the latter with alkali nitrites and sulphuric 
acid. They are reduced by nascent hydrogen, giving alcohol and ammonia. 

Ethyl Nitrite, CgHgO • NO, was at one time called nitric ether. Dissolved in alcohol, it 
bears the name Spiritus mtheris nitrosi, and is used to modify the taste of various substances. 
It is also used for preparing diazo-compounds. 

5 . NITRO-DERIVATIVES OF THE HYDROCARBONS. These are iamneric 
with nitrous esters, but they boil at higher temperatures than the latter and are distin- 
guished from them by being non-saponifiable and by giving organic amino-compounds on 
reduction, as long as the nitrogen is not severed from the organic radical : 

CHg • NOg (nitromethane) + == + CHg • 

They are formed by treating alkyl iodides with silver nitrite : 

CH3I + AgNOa = Agl - CHg-NOg; 
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•with the higher memhers of the series, the nitrous esters are formed at the same time and 
may he separated hy distillation. Of the various methods of formation, mention may 
be made of that based on the action of dilute nitric acid, in the hot and under pressure, 
on the paraffins : 

HN03=C8H.3- -H3O. 

Hexane Nitrohesane 


Concentrated nitric acid does not give nitro-Compounds with the paraffins, but with 
aromatic hydrocarbons it reacts readily. 

The difference in constitution between nitro-derivatives, e. g., HgC • NO 2 , and nitrous 
esters, e. g., HgC • 0 • N : 0 , explains their different relations as regards saponification. 

This also confirms the hypothetical constitution of nitrous acid, 0 : N * OH, The 
hydrogen of the carbon atom united to nitrogen may be partially substituted by metals or 
bromine, since it has acquired acid characters — ^for instance, ISfaCHg • NO^ — ^but the acidify- 
ing influence of the nitro-group is not extended to the hydrogens of the other carbon atoms. 

These nitroparaffins react with nitrous acid differently according as they are primary, 
secondary, or tertiary : 

.H2 .N-OH 

(a) Nitroethane, CH 3 - C( + NO^H = HgO + CHg - C( i. e., ethyl- 

nitric acid, salts of 'which are red. 

CH3. .H CH3. N:=0 

(5) Secondary Nitropropane, NO 2 H = HgO -f ? 

CHg/ CH3/ 

propylpseudonitrole, which forms blue salts. 

(c) Tertiary derivatives give no reaction. 

These reactions serve well to distinguish primary^ secondary^ and tertiary alcohols. 

Nitroethane may be used in the manufacture of explosives to lower the freezing-point 
of nitroglycerine. 

CHLOROPICRIN, CClg.NOg, sp. gr. 1*692, boils at 112 °, and is formed by the 
simultaneous action of nitric acid and chlorine on various organic compounds. 

It is also obtained when a mixture of 60 grams of picric acid, 7 kilos of water and T 5 
kilo of calcium hypochlorite is heated by direct steam, the oily chloropicrin which distils 
over being washed with very dilute soda solution, decanted, dried, and distilled. It is 
soluble in alcohol, ether, or benzene and slightly so in water. It is a powerful and irritating 
lachrymatory and was largely used during the European War.^ When superheated it 


CHEMISTRY AND THE WAR. j^ong the poisonous gases and liquids used during 
tne war are the following; phosgene, chlorine, bromine, cyanogen bromide, bromoacotone, 
aromatic arsines, nitrous vapours, acrolein, allyl isothiocyanate, phosphorus, tin and arsenic 
cniondes, bei^yl bromide, etc. The terrible mustard gas or yprite consists of BB'-dicMoroethjl 
mpMde, which is y yello\rish, neutral, odourless oil of sp. gr. 1*27, m.-pt. 7°, 

D.-pt. 217 to 219° (decomposing slightly). It is almost insoluble in water, has a high vapour 
pressure, and produces extraordinarily lachrymatory and poisonous effects, even when brought 
into contact vith the skin; it easily penetrates clothing. It was first used by the Germans 
against the Bntish at Ypres on July 20, 1917, and afterwards at Nieuport and Armentieres ; 
on mese two cities as many as 50,000 mustard gas shells per day were dropped for several days, 
in Germany 50 to 60 tons were made per day, in France 20 tons, and in America 40 tons. It 
is sioTOy sapomfiea by hot alkali, and dissolves in alcohol, ether, benzine, etc. ; -with halogens 
1 ^elds substitution products. By oxidising agents (hydrogen peroxide, permanganate, ozone, 
2d SO (CH°^ CH G) transformed into harmless compounds, SOfCHa * 

In Gemiany mustard gas was made by heating glycol chlorohydrin on a water-bath with 
concentrated aqueous potassium suIpHde and then evaporating and taking up the residue in 
f chloride. The syrupy residue left after ixpulsion of the 

iVe and nan Pliog)horus peuteohloride, the mass being afterwards poured on to 

e and the oil separated. In England (and America) mustard gas was made by the interaction 
^ = S(CH.?CH,C1),. ThJ ethylene was 

'j? passiM alcohol vapour over lumps of kaolin heated" at 500“ to 
WmlL catalyst; in England increased yields were obtained 

0 H 3 titamum. The reaction 

1 ^ ^ regulated by cooling. To render 

eh orXtif? P." r ^^re volatile, it was mixel with carbon tetrachloride or 

pemanISt protection was afforded by rubber clothing and by bathing with 

Two mustard gas works were under construction in Italy when the Armistice was proclaimed. 
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explodes. When its solution or aqueous emulsion is reduced with iron turnings and a 
little acetic acid (other acids are unsuitable), it is transformed into rneiJiylamine. With 
stannous chloride it gives cj^anogen chloride, while when heated at 100° with aqueous 
ammonia it yields guanidine. 

NITROMETHANE, CHg • NO 2 , is obtained from methyl iodide and silver nitrate or, 
better (but still in poor yield) by distilling an aqueous solution of potassium chloroacetate 
(1 part) and potassium nitrite (3 parts), the distillate being separated from the water, 
dried with lime and rectified. 

It forms an oil of ethereal odour and is denser than water, in which it is slightly soluble ; 
it boils at 101° and burns with a pale flame. When reduced with iron and acetic acid it 
gives methylamine, while with HCl at 150° it yields hydroxjdamine and formic acid, and 
with hot, fuming sulphuric acid, carbon monoxide and hydroxylamine sulphate. 

One of its hydrogen atoms is readily replaceable by metals; with alcoholic potash 
solution it forms crystals of CHgK • NOg -f CgH- • OH, the alcohol being expelled in a 
sulphuric acid desiccator. The mercury salt is explosive. 

It is a good solvent for smokeless powders and in the proportion of 10 per cent, lowers 
the freezing-point of nitroglycerine to — 10°. 

DINITROMETHANE, CIl2(N02)2, forms yellow crystals exploding at 200°. Its 
potassium salt, CHK(N 02 ) 2 , is obtained when hydrogen sulphide is passed into an 
ammoniacal solution of potassium bromodinitromethane. 

TRIRITROMETHANE (Nitroform), ^(NOylg, is obtained as ammonium salt when 
trinitroacetonitrile is heated with water : C(N02)3 • CN + 2 H 2 O = CO 2 -f . 

It forms white crystals, m.-pt. 15°, and at 100° decomposes with explosion. It dissolves 
in water to a yellow solution and acts as a strong acid; on reduction with tin and 
hydrochloric acid it gives hydrocyanic acid. 

TETRANITROMETHANE, C(N02)4, obtained by heating nitroforin with concen- 
trated sulphuric and fuming nitric acids, forms white crystals, m.-pt. 13°, and boils 
unchanged at 126°; it is insoluble in water, but dissolves in alcohol or ether. It is non- 
inflammable, has no acid reaction, and, mixed with petroleum, is used as an explosive 
of the Sprengel type {see Explosives). R. Schenck (Ger. Pat. 211,198, 1908) prepared 
tetranitromethane in various ways. 

NITROETHANE, C2H5-K02, has m.-pt. 113°, and nitropropane, m.-pt. 130°. Dini- 
troethane has b.-pt. 185° to 186°; trinitroethane, CH3*C(N02)3, m.-pt. 56°, is obtained 
from methyl iodide and the silver salt of trinitromethane. Tetranitroethane is 
obtained as dipotassium derivative by treating bromopicrin with potassium cyanide; 
it is readily decomposed, even by cold dilute sulphuric acid. Hexanitroethane, 
C(N02)3' C(N02)3, was prepared in 1914 by W. WiU as an explosive by treating the pure 
potassium salt of tetranitroethane at a temperature of 3° to 5° with concentrated 
sulphuric acid and then with nitric-sulphuric acid, the mass being finally heated for ten 
minutes at 60° to 70°, and then cooled and poured into water; when freed from acid it is 
obtained from ether in white crystals which have a slight camphor smell, melt at 142°, 
and give a yellow solution in benzene or toluene; with alcoholic soda it gives tetrani- 
troethane, while under prolonged heating at 75° it forms yellow vapours. It is moderately 
resistant to shock and friction, and when mixed with hydrogenated organic compounds 
yields explosives of practical use although of limited stability. 

Various esters of hyponitrous^ phosphoric, boric, silicic acids, etc., are known. 

DERIVATIVES OF HYDROCYANIC ACID 
A. NITRILES. B. ISONITRILES 

These compounds are formed by the substitution of the hydrogen of hydrocyann acid 
by an alkyl radical, but they are not true esters, as they do not give the acid and alcohol 
again on hydrolysis. 

A. NITRILES (or Alkyl Cyanides), are either liquid or solid, and have a 
pleasant, faintly garlic-like, ethereal odour. They are lighter than water, in 
which the first terms are soluble without undergoing change. They boil at 
about the same temperatures as the corresponding alcohols. 
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PREPARATION. 1 . They are obtained by distilling a potassium alkyl- 
sxdpbate with potassium cyanide or with anhydrous potassium ferrocyanide, 
or by heating the cyanide at 180 ° with methyl iodide : 

CHgl + KCN = KT + CHg • CN {methyl cyanide or acetonitrile). 

2 . Distillation of ammonium salts of monobasic acids yields amido- 
compounds which, with a dehydrating agent (PgOg, PgSg or PCI5), give nitriles : 

(a) CH3 • COOH -f NH3 == HgO + CH3 • CO • ; 

Acetic acid Acetamide 

(6) CHs ■ CO • NHa - H^O = OH3 • CN. 

Acetonitri'e or 
Methyl cyanide. 

3. The higher nitriles are formed from the acid-amides containing one 
more carbon atom or from the primary amine containing the same number of 
carbon atoms, by treatment with sodium hydroxide and bromine ; or from the 
aldehydes which, with hydrocyanic acid, give the nitriles of higher acids, the 
so-called cyanohydrins or hydroxy nitriles, liquid compounds easily saponified 
with regeneration of the aldehyde : 

.0 /OH 

CH3-Cf -fHCN = CH3*CH<r 

^CN 

Acetaldehyde Ethylideiiecyanohydrin 

PROPERTIES. When boiled vith alkali or acid, or treated with super- 
heated steam, nitriles give ammonia and an acid, from which products they 
may also be formed : 

{a) CH3CN -f- H2O = CH3 • CO • NHg (acetamide ) ; 

(h) CHg • CO • NHg -f- HgO =- CH3 • CO • OH + NHg. 

This reaction is of importance for the synthesis of organic acids since, 
starting from a given alcohol and transforming it into iodide and then into 
nitrile, an acid of the saturated series containing an extra carbon atom is 
obtained. 

If the cyanide is treated with hydrogen sulphide instead of water, 
thiocetamide, CHg * CS * NHg, is obtained. With hydrochloric acid, the nitriles 
form chloramides or chlorimides, whilst with ammoniacal bases they give 
amidines (see later). Nascent hydrogen converts them into amines : CHg* CN 
+ 2H2 = CHg * CHg * NH2 (ethylamine). By potassium or by gaseous hydrogen 
chloride the nitriles are polymerised. 

ACETONITRILE (or Methyl Cyanide), CHg . CN, is found among the products 
of the distillation of beetroot molasses and of tar. It is soluble in water and 
boils at 82 °. 

B. ISONITRILES (Isocyanides or Carbylamines) are colourless liquids 
which have a faint alkaline reaction and boil at rather lower temperatures than 
the corresponding nitriles. They are insoluble in water, but dissolve in alcohol 
or ether. They have repellent odours and are poisonous. They are obtained 
by the interaction of alkyl iodides with silver cyanide (whilst with potassium 
cyanide the nitriles are obtained) : 

C2H5I + AgCN = AgT -f CgHg * NC ; 

they are also formed by treating the primary amines with chloroform and 
alcoholic potash (see p. 120 ); also later under Amines). 

Although they are stable towards alkalis, the isonitriles are readily decom- 
posed by water, giving formic acid and the corresponding amino-base containing 
one carbon atom less than the isonitrile : 

CH3 * NC -f 2H2O = H-COOH + CHg * NH^. 
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From the nitriles they are distinguished also by the different additive 
compounds which they form with halogens, hydrogen chloride, hydrogen 
sulphide, etc. At high temperatures certain isonitiiles change into nitriles. 

CONSTITUTION OF THE NITRILES AND ISONITRILES. The nitriles have the 
carbon atom of the cyanogen group attached to the alkyl radicle and when they are hydro- 
lysed only the nitrogen is removed as ammonia. Acetonitrile would hence have the 
constitution. CHg — C = N. 

The isonitriles, on the other hand, readily form amino-bases with loss of an atom of 
carbon — that of the cyanogen group — the nitrogen remaining with the radicle. Methyl 
isocyanide or methylcarbylamine would hence have the formula CHg — N = C. 

IV. NITROGENATED BASIC ALKYL COMPOUNDS (AMINES) 

If one or more of the hydrogen atoms of the ammonia molecule is replaced 
by one or more alkyl radicles, substances called Amines are formed; these 
have a basic character, which is in some cases more marked than that of 
ammonia itself (in the dissociation of compounds of the anim9ma type, free 
anions, OH', are formed). They were discovered by Wurtz in 1848, and were 
studied systematically by A. W. Hofmann in 1850-1851. To ammonia they 
present other chemical analogies. They have disagreeable ammoniacal odours ; 
with mineral acids they form white, crystalline, deliquescent salts wliich are 
extremely soluble in water and have a basic nature, the nitrogen then becom- 
ing penta valent ; for the first members of the series the electrical conductivity 
is very high, higher indeed than that of ammonia, since N/lOO solutions are 
almost completely dissociated. 

Like ammonia, they give, with platinum chloride, crystalline platini- 
chlorides, e. p., methylamine platinichloride, (NHg* CHg, HCl)2PtCl4; they also 
form double salts with gold chloride, NHg * CgHg, HCl, AuClg. They precipitate 
heavy metals from solutions of their salts, and, in excess, sometimes redis- 
solve them. The first terms are gases, after which come unpleasant smelling 
liquids soluble in water. The higher members are odourless and insoluble in, 
and lighter than, water ; they are soluble in alcohol and in ether. 

The ammonia derivatives are deliquescent solids, and in their behaviour 
greatly resemble potassium hydroxide, etc. According as they contain one 
or more alkyl radicals, these bases are called 'primary or aminic^ secondary or 
iminic, tertiary or nitrilic^ quaternary or ammoniacal. 

PROCESSES OF FORMATION, (a) By heating an alkyl halogen com- 
pound with ammonia : 

(1) NHg + C^,H2 „+iI = hi -f C,,H2 ,i+iN’H 2; the halogen hydracid formed 

unites with the ammonia and with the amine, converting these partly 
into the corresponding salts; distillation with potassium hydroxide then 
gives : KI -f HgO + the free base, • NHg. The latter, which is partly 

free before treatment with potash, may in its turn react with a second molecule 
of the alkyl halogen compound, giving a secondary amine ; 

(2) -NHa + C„H2 ,^iI = HI; the free base, wiiich 

may be liberated by distilling with KOH, reacts with a third molecule of the 
alkyl halogen compound, yielding a tertiary amine ; 

(3) (C,.H2,^i)2NH + C„H2,.,iI=(aH2.+i)3N, HI. Finally, the tertiary 
base, which remains free or may be liberated, reacts with a fourth molecule 
of the halogen derivative, giving the salt of the quaternary base ; 

(4) (C^Hg,^ +1)311 -f C„H2 ,,+iI = (C,,H2«+i) 4NI, which is no longer a crystal- 
line ammonia base and is not decomposed by potassium hydroxide, being 
more energetic than the latter; the hydrogen iodide formed unites with 
the amines if such are still present. When heated, the iodide of the quaternary 
base is converted back into the tertiary base and alkyl iodide, whilst with 
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silver hydroxide it gives the corresponding solid alkylammonium hydroxide. 
In this general reaction, the four bases are always formed together, although 
more of one or another is obtained according to the nature of the alkyl group, 
the temperature, the duration of the reaction, and the quantity of ammonia 
present. 

The separation of the bases in this mixture is not easy, and when these are 
present as salts, distillation with potassium hydroxide yields the primary, 
secondary, and tertiary amines, whilst the quaternary ammonium compound 
remains unchanged. The three bases or the corresponding salts are separated 
partly by crystallisation or by fractional distillation, or, better, by means of 
ethyl oxalate, 0202(021150)2, which gives solid or liquid oxamides [e. y., solid 
dimethyloxamide, 0202(NH * 0113)2 and the ethyl ester of dimethyloxaminic acid, 
C2H2(002H5) •N(0H3)2, which boils at 243 ° and is soluble in water, alcohol 
or ether]. 

Amines may also be prepared by the following reactions ; 

(b) By the action of potassium hydroxide on alkyl isocyanates, e. g., ethyl 
isocyanate, C2H5NCO -f" 2 KOII = K2OO3 O2H- * NH2 ,* 

(c) By reducing nitro-compounds, nitrites, oximes, or hydrazones with 
nascent hydrogen. 

id) Primary amines may be obtained by heating the ethylnaphthylamines 
vith caustic soda, and secondary amines in the same way from nitrosodialkyl- 
anilines. 

PROPERTIES. The amines do not undergo hydrolysis and are resistant 
to the action of acids, alkalis, and, to some extent, oxidising agents. The 
hydrogen combined with the nitrogen of amines may be replaced not only by 
alkyl groups (see above), but also by acid radicals (e. g., by acetyl, CHg* CO') 
and mixed amines with alkyl and acidic groups may also be obtained. A 
characteristic and sensitive reaction of the 'primary amines is that with 
chloroform in presence of alkali, which gives rise to the unpleasant-smelling 
isonitriles : CHCI3 -f CH3 • NHg -f 3 KOH = CH3 ' NO -f 3 KC 1 + 3H2O. In 
alcoholic solution the primary and secondary bases form, with carbon disulphide, 
derivatives of thiocarbaminic acid, and only when these are derived from the 
primary bases can isothiocyanates be obtained. It is easier to distinguish 
(and separate) primary, secondary, and tertiary amines by their reactions 
with nitrous acid. When a hydrochloric acid solution of the mixture is treated 
with a concentrated solution of sodium nitrite, the primary amine yields the 
corresponding alcohol (soluble in water), with evolution of nitrogen : 

-N00H = H20 + N2 + CA. 

The Secondary amines give oily nitrosamines, almost insoluble in water : 
(C,jH2ft+i)2NH + NOOH = HgO + (C„H2,i+i)2N*NO ; with feeble reducing 
agents, the nitrosamine is transformed into a hydrazine, whilst with more 
energetic reducing agents or with concentrated hydrochloric acid the secondary 
amine is regenerated, showing that the nitrous residue NO is joined to the 
imirdc nitrogen and not to the carbon. The tertiary amine does not react with 
nitrous acid and is hence left unchanged in the solution, from which it may 
be obtained by distillation in presence of caustic soda. 

Pinally, the three classes of amines may be distinguished by the quantities 
of methyl iodide with which they react to produce the final quaternary base 
(see preceding page), with generation of greater or less quantities of ionisable 
compounds (titratable HI). 

METHYLAMINE, CH3 . NH^, is found ready formed in certain plants, e. g,, in the dog. 
mercury weed (Mercwialis perennis). It is formed in the distillation of wood and occurs 
in beetroot and bone residues and in herring brine. It is prepared from methyl chloride 
and ammonia, the resulting hydro chloride being separated from the ammonium chloride 
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by dissolving tbe former in a little water (the ammonium chloride is less soluble), filtering 
by suction and crystallising the filtrate with the help of ammonia ; the secondary amine 
formed at the same time is separated as nitroso -derivative, which with concentrated 
hydrochloric acid regenerates the base. Plochl prepares methylamine by heating a mixture 
of formaldehyde with one-half of its weight of ammonium chloride. It is a gas lihe 
ammonia (but, unlike this, burns in the air) and precipitates various metallic salts, but, 
when added in excess, does not dissolve nickel and cobalt hydroxides ; it is more highly 
basic and more soluble in water (1 vol dissolves 1150 vols. at 12-5° and 959 vols. at 25°) 
than ammonia, and has a strong odour of ammonia and rotten fish. It becomes liquid 
at ~ r and at - 11° has the sp. gr. -0699. It is formed by the action of NaOH and Br 
on acetamide, and also by the reduction of chloropicrin {see p. 236). Its hydrochloride, 
CHg • NHgjHCl, m.-pt. 225°, is a crystalline, deliquescent substance extremely soluble in 
alcohol. With aluminium sulphate its sulphate forms an alum containing 24 H 2 O. 

DIMETHYLAMINE, (CHglgNH, is a liquid boiling at 7°, and is formed, together 
with acetic acid, in the distillation of wood. 

TRIMETHYLAMINE, (CHglgN, is a gas which liquefies at+ 3°, and has an intense 
odour of rotten fish. It is foimd in various plants {Arnica montana, shoots of the pear- 
tree, etc. ), and in herring brine. It is formed by the decomposition of betaine during the 
distillation of beetroot molasses (p. 117). 

ETHYLAMINE, CgH- • NHg, may be prepared as follows : 30 parts of ethyl alcohol 
are saturated in the cold with ammonia and the liquid heated in an autoclave at about 
55° with 8 parts of liquid ammonia and 10 parts of ethyl chloride. When the vigorous 
phase of the reaction is at an end, the water-bath surrounding the autoclave is brought to 
boiling, which is maintained for four to five hours. After cooling, the excess of ammonia 
is allowed to escape and is used to saturate the alcohol for a succeeding operation. The 
residue in the autoclave is neutralised with hydrochloric or sulphuric acid and the salts 
separating on concentration filtered off by suction, dried and extracted with alcohol (which 
does not dissolve the mineral salts). After evaporation of the alcohol, the mixed bases are 
liberated by means of alkali and are fractionated in a column 4 metres in height. The 
bulk of the product is diethylamine, the ethylamine remaining in solution at a concentration 
of 15 to 20 per cent. 

DIETHYLAMINE (and, similarly, dimethylamine) is now often prepared by decom- 
posing paranitrosodiethylanil'ne (as hydrochloride) with boiling 5 per cent, caustic soda 
solution (in the proportion of 1 : 20), the base distilling over being dissolved in hydrochloric 
acid. The yield is almost theoretical, and the paranitrosophenol remaining in the yellow 
solution may be used for making para-aminophenol. 

ETHYLAMINE is a liquid, b.-pt. -f- 19°, and smells strongly of ammonia, which it 
surpasses in basicity. It dissolves very readily in water with generation of heat. It 
dissolves aluminium hydroxide (like methylamine, but unlike ammonia) and to a small 
extent cupric hydroxide, but not feme or cadmium hydroxide. 

DIETHYLAMINE, (C 2 Hg) 2 NH, is a liquid, b.-pt. 56°, and does not dissolve zinc 
hydroxide. 

TRIETHYL AMINE, (CgHglgN, is an ofly liquid which precipitates metals from their 
salts, but does not redissolve the precipitates. It has a strongly alkaline reaction and boils 
at 89°. It is extremely soluble in cold water, but above 20° It becomes completely 
insoluble, separating from the water in an oily layer. 

A group of nitrogen compounds which may be considered as formed by the condensa- 
tion of ammonia {hydrazine, azoimide, hydroxylamine, etc.) has beeii already mentioned in 
Vol. I, p. 376. The alkyl derivatives of hydroxylamine, NHg -OH, are divided into two 
groups : a-alkylhydroxylamines, in which the alkyl replaces the hydroxylic hydrogen, 
NHg-OR, and which hence have an ether character and do not reduce Rehling’s solution ; 
and jd-alkylhydroxylmnines, in which the alkyl radical replaces an amino-hydrogen and is 
therefore joined to the nitrogen, R — ^NH — OH; these reduce Fehling’s solution even in the 
cold and on energetic reduction yield primary amines. 

Also the Alkylhydrazines, RNH • NHg, RgN * NHg, etc., unlike amines, reduce Fehling’s 
solution in the cold and give characteristic reactions with aldehydes and ketones. 

The Diazo-compounds of the methane series are of slight importance, whilst those of the 
aromatic series are a very important class of compounds; the former differ from the latter 

VOL. n. 16 
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in that the characteristic divalent nitrogen group, — = N — , has its valencies saturated 
by only om carbon atom. They may he obtained by diazotising, by means of nitrous acid, 
aliphatic amines with the amino -group united to a carbon atom, the other valencies of 
w'hich are saturated by a carbonyl (CO) or cyanogen group and by at least one hydrogen 
atom, 

Diazometharle, CHgNg, which is a yellow, odourless, poisonous gas, is prepared from 
hydroxylamine and dichloromethylamine, or by the action of an alkali on nitrosomefhyl- 
wethane, CHg • N(NO) • CO • OC2H5. Oxidation of aromatic hydrazones {see p. 246 ; also 
Monoses) yields di^lienyUiamimtha'iiie and similar compounds. 

V. PHOSPHINES, ARSINES, AND ALKYL METALLIC COMPOUNDS 

Like ammonia, the hydrogen derivatives of phosphorus, arsenic, antimony, etc., give 
rise to alkyl compounds which have very feebly basic characters and very unpleasant 
odours. 

1. PHOSPHINES. These are gases or colourless liquids with repulsive odours. Their 
basic properties and their stability towards water become more marked as the number of 
alkyl groups increases. They are readily oxidisable with nitric acid, the remaining hydrogen 
atoms of the PHg being transformed into hydroxyl groups. The quaternary phosphonium 
bases are very strongly basic, and, unlike the corresponding ammonium bases, they lose 
an alkyl group in the form of a saturated hydrocarbon when heated, the residue being a 
trialbjlphosp}io 7 imni oxide. 

aft„+iPH2 (C,H2 „+i)2PH (C„H 2 „^i) 3 P (C„H2„+i)4P-OH 

Primary phosphine Secondary phosphine Tertiary phosphine Tetralkylphosphonium 

hydroxide 

C.H2,.+iPO(OH) 2 (C,ft,.+i)2PO-OH (C.H2.+,)3P0 

Alkylphosphonic acid Dialiylphosphonic acid Trialkylphosphine oxide 

The primary and secondary phosphines are formed by heating phosphonium iodide 
with alkyl iodides and zinc oxide, whilst the tertiary phosphines and phosphonium 
derivatives are obtained from hydrogen phosphide, PHg, and alkyl halogen compounds. 

2 . ARSINES. Well-known primary and secondary compounds are : methylarsenic 
dichloride, CHgAsClg (liquid, b.-pt. 135 °); dimethylarsenio chloride, (CH3)2AsCl (b.-pt. 
100 °); dimethylarsine, (CH3)2AsH (b.-pt. 36 °); dimethylarsenic acid or cacodylic acid, 
(CH3)2AsO • OH, etc. The tertiary arsines are obtained by the action of sodium arsenide, 
AsNag, on alkyl iodides : 

- SCgHgl + AsNag = 3 NaI + As(C2H5)3; 

they are liquids slightly soluble in water, with which they do not form bases. The 
quaternary arsonium compounds, e.g., (CH3)4AsI {tetramethylarso 7 iium iodide), obtained 
from the tertiary arsines and alkyl iodides, are, however, very energetic and are able to 
give, with moist silver oxide, tetrameihylarsonium hydroxide. The derivatives of cacodyl 

[(CH3)2As - As(CH3)2l 

were studied by Bunsen ( 1837 -^ 1843 ), who obtained cacodyl oxide, 

(CH 3 ) 2 As-O.As'(CH 3 ) 2 , 

by distilling arsenic trioxide with potassium acetate (this reaction serves as a delicate test 
for acetates in mixtures) : 

AS2O3 + 4CH3 • COOK = 2CO2 + 2K2CO3 + [As(CH 3 ) 2 l 20 . 

With hydrochloric acid, cacodyl oxide gives cacodyl chloride, (CH3)2AsCl. 

Many of these cacodyl compounds are liquids which ignite in the air and have nauseating 
odours ; the cacodyl behaves like a true electro-positive element. 

" 3 . Various alkyl derivatives are known of antimony (siibines), boron, silicon, bismuth, 
tin, etc., but these are of little pract'eal importance. 

4. ALKYLMETALLIC (Organometallic) DERIVATIVES. These are ob- 
tained from various metallic chlorides or from the metals themselves (Zn, 
Hg, Mg, Al, etc.) by the action of halogen derivatives of the hydrocarbons. 
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They are generally colourless liquids mth low boiling-points, and some of 
them are violently decomposed by water and ignite in the air. Of importance 
for many organic syntheses are the zinc-alkyls (see pp. 33, 125). 

ZINC METHYL : Zn(CH 3 ) 2 , is a colourless, liighly refractive liquid, sp. gr. 
1*39, b.-pt. 46°, and has an intense, repulsive odour; it ignites in the air, 
forming zinc oxide, and with water gives methane and zinc hydroxide. It is 
formed in two phases, as follows, and is separated by distillation : 

(а) CHgl -f Zn = Zn(CH 3 )I (zinc methyl iodide, solid) ; 

(б) 2Zn(CH3)I = Znl -f- Zn(CH 3 ) 2 . 

GRIGNARD’S REACTION. Mention has already been made of the use of this reaction 
in synthesising the saturated hydrocarbons (p. 33 ). One molecule of a monohalogenated 
(Br or I) compound, in presence of absolute ether, combines with an atom of magnesium : 
Mg -f CgHgBr = CgHgMgBr (ethyl magnesium bromide), and with compounds containing 
several carbon atoms there is always formed, as a secondary product, a saturated hydro- 
carbon. The ether probably takes part in the reaction, forming an intermediate product, 
C2H5.Mg.Br[(C2H5)20]. 

The latter, and also the alkyl magnesium halogen compounds, when dissolved in ether, 
are highly reactive and form additive compounds with aldehydes, ketones, and even 
esters of mono- and poly- basic carboxylic acids; with water these additive compounds 
then give the corresponding secondary and tertiary alcohols, the reaction occurring in the 
following two phases (R = alkyl) : 


/ 0 *MgI 

R • CHO -f R'Mgl = R • C^R' 

Aldehyde • Atkylmag- 
nesium iodide 


+ HjO= I-Mg-OH+ E-CH(OH) 

Secondary 

alcohol 


R 


/OMg • Br 

H • COOC2H5 + CaHgMgBr = • C^H 

Ethyl formate ^OC2H- 


+ C2H-.MgBr = 


/OMgBr 

Br • Mg • OCgHg -f C2H5 • C^H -f- HgO = BrMgOH -{- C^Hg • CH(OH) • 

Diethylcarhinol 


If esters of other monobasic acids are used instead of a formic ester, tertiary alcohols 
are obtained, whilst esters of dibasic acids give dihydric alcohols. Hence, by means of 
the Qfigmrd reaction, the carboxylic oxygen of any acid (starting from the corresponding 
ester) is ultimately replaced by two alkyl residues. Similar behaviour is shown by acid 
chlorides and anhydrides, which also contain carbonylic oxygen ( — CO — ^). 

With nitriles, hetonimides and ketones are obtained : 


^N-Mgl 

R ' ON -f RMgl = R • + HoO = 

\R' 

IMgOH -f R • C( : NH) • R' + HgO = NH3 + R-CO - R' (ketone). 

Further, with dry COg, alkyl magnesium compounds give organic acids : 

R'Mgl -h CO2 = R' • COOMg - I + HX = IMgX -f R' • COOH (acid). 

Other most varied organic syntheses have been rendered possible of late years by the 
Grignard reaction. 


VI. ALDEHYDES AND KETONES : 

The elimination of two atoms of hydrogen by means of an oxidising agent 
(e. g., potassium dichromate and dilute sulphuric acid, or sometimes even the 
oxygen of the air) from a primary or secondary alcohol yields an aldehyde 
or a ketone : R * CH 2 ‘ OH + 0 = HgO R • CHO (aldehyde), or 

' R-CH(0H)R' + 0 -H 20 + R-C0-R' (ketonedi. 
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The aldehydes have a strong reducing action, as they fix oxygen and 
become converted into acids with the same numbers of carbon atoms, whilst 
the ketones resist oxidising agents, and, if these are very energetic, are 
oxidised to acids containing fewer carbon atoms than the original ketones. 

{a) ALDEHYDES 

The first members of this series are neutral liquids with pronounced and 
often disagreeable odours (formaldehyde is a gas) and are soluble in water, 
whilst the higher ones gradually become solid and insoluble. Their boiling- 
points are much lower than those of the corresponding alcohols. 

The aldehydes are formed when a calcium or barium salt (or even two salts) 
of a monobasic organic acid is dry distilled with calcium or barium formate 
(reducing agent) : (R • COO)2Ca + (H-COO)2Ca = 2CaC03 + 2R * CHO. 

They are also obtained on heating vdth water compounds containing two 
halogen atoms united to the same carbon atom : 

CHg • CHCI2 (ethylidene chloride) -f HgO = 2HC1 -f CHg * CHO. 

The co7istitution of the aldehydes may be deduced from their methods of 

yO 

formation (e. g., the latter) and the characteristic aldehyde group is — C\ . 

PROPERTIES. They are substances of considerable and varied reac- 
tivity. With oxidising agents they are transformed into acids, and this 
reducing property is readily manifested in their reduction of ammoniacal silver 
nitrate solution (22 per cent, ammonia solution and 10 per cent, of dilute silver 
nitrate diluted with its own volume of 10 per cent, sodium hydroxide solution ; 
or 1 gram of silver nitrate dissolved in 30 c.c. of water and dilute ammonia 
added as long as no precipitate forms) or of Fehling’s solution (the latter, 
however, is not reduced by aldehydes containing as many as 8 or 9 carbon 
atoms). 

In their turn, the aldehydes are reconverted into the primary alcohols 
when reduced with nascent hydrogen; with PCI5, they give ethylidene 
chlorides again. 

Hydrocyanic acid, ammonia, sodium hydrogen sulphite, and sometimes 
alcohol and acetic anhydride (also the alkyl magnesium halogen compounds : 
see above, Grignard’s Reaction) form characteristic additive products with the 
aldehydes : 

CHg • CHO + 2C2H5 • OH (+ a little HCl) = HgO + CHg • CH(OC2H5)2 [acetal) 

which is an ether of the hypothetical glycol (dihydric alcohol), CHg ' CH(OH)2 ; 
the latter, however, does not exist in the free state, since two hydroxyl groups 
cannot remain joined to one and the same carbon atom, excepting in the case of 
chloral hydrate (see later) and a very few other substances.^ 

They combine with sodium and ammonium bisulphites (very concentrated 
solutions) forming crystalline bisulphite compounds soluble in water and slightly 
so in alcohol : 

// .OH 

C2H5 • Cf -h SOgHNa == C2H5 • C -0 • S02Na, 

and these compounds, when Heated with dilute acid or with alkali (even 
NagCOg), liberate the aldehyde again. This reaction hence renders possible 
the separation of aldehydes from other substances. 

^ See Table on opposite page. 
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ALDOL CONDENSATION 

The aldehydes combine with ammonia, forming crystalline aldehyde- 
ammonias soluble in water and slightly so in alcohol but insoluble in ether, 
for example, CHg * CH(OH)(NH2), which gives the aldehyde again w^hen heated 
with a dilute acid. But formaldehyde, with ammonia, readily forms poly- 
merised derivatives, e. g., hexamethylenetetramine, (CH2)0N4 {see later). 

With hydrocyanic acid they form cyanohydrins (p, 238). 

An interesting change is the aldol condensation, that is, the condensation 
of 2 mols. of an aldehyde brought about by prolonged heating with dilute 
mineral acids, dilute alkalis, or even aqueous solutions of sodium acetate 
Possibly a molecule of -water is first added to one of the aldehydes : 

.0 /OH 

CHg • Cf -h HgO = CHg • CH( 

^H . ^OH 

this hypothetical hydrate then condensing with another molecule of aldehyde, 
with separation of water and formation of a hydroxyaldehyde [aldol) : 

/OH .0 .0 

CHg • CH< -f CHg • of - H 2 O + CHg • CH(OH) * CH^ • Cf 
^OH ^H 

[p-hydroxybutyraldehyde). These aldols in their turn readily lose a molecule 
of water, forming an unsaturated aldehyde, which may also be obtained directly 
[aldehyde condensation) by heating the original aldehyde with a dehydrating 
agent such as zinc chloride : 

/O .0 ‘ /O 

CHg-Cf q-CHg-Cf ^HgO-f CHg-CHiCH-Cf . 

^H ^H ^H 

The aldehydes, especially form-, acet-, and prop-aldehydes, etc., exhibit a 
tendency to 'polymerise, in the mere presence of a httle hydrochloric or sulphuric 
acid, sulphur dioxide, zinc chloride, etc. Acetaldehyde, for example, gives 


DEKIVATIVES OE ACETALS 


Name 

roiTDiila 

Boiling-point 

Specific gravity 

Alkyl Derivatives 
M ethylal 

cHjIOCHs)^ 

41-3Ml-7° (749-8 mm.) 

0-862 (18°) 

Diethyhnethylal . 

CHjIOCA). 

87° 

0-834(20°) 

Dipropylmethylal 

CH,(003H-)« 

136° 

0-834 (20°) 

Diisopropylmethylal 

CH2(0C3H,)2 

118° 

0-831(20°) 

Diisobutylmethylal 

CH,(0C4H9), 

164° 

0-824 (20°) 

Diisoamylmetiiylal 

CH2(OC5Hn), + 

206° 

0-835 (20°) 

Dihexylmethylal . 

GH3(OC6 Hi 3)3 

174°- 175° 

0-822 (15°) 

Dioctylacetal 

CHa-CHCOCsHi,)^ 

289° 

0-848 ( 15°) 

Dimethylacetal . 

CHg - CHCOCHg)^ 

63° 

0-865(22°) 

Diethylacetal 

CHg-CHCOCgHs)^ 

102-9° 

0-831(20°) 

Dipropylacetal . 

CH3-CH(OC3 H.)o 

147° 

0-825 (22°) 

Diisobutylacetal . 

CHs-CHCOC^Hs): 

170° 

0-816 (22°) 

Diisoamylacetal . 

CHg-CHCOCgHJa 

211° 

0-835 { 15°) 

Acid Derivatives 




Methylenediacetate 

CH,(0-C0- CHg), 

170° 

— 

Etbylenodiacetate 

CH;*CH(0-C0-CH3)2 

169° 

'1-073(15°) 

Etbylenediproplonate . 

CH3-CH(0-C0-C.H5)2 

192° 

1*020(15°) 

EtbylenedibRtyrate 

CH3*CH{0-C0-C;H7)2 

215° 

0-985 (15°) 

Ethylenediisovalerate . 

CH3-CH(0-C0- 0^)0 

j 225° 

0-947 (15°) 
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two isomerides : pwrcddehyde, m.-pt. 10 °, b.-pt. 124 °, and mctaldehyde, which 
sublimes at 100° : 


.O-CHCCHgK 

CHg-Cffi >0. 

^0*CH(CH3r 


These no longer react with ammonia, sodium bisulphite, silver nitrate, and 
hydroxyiamine, but they yield the aldehyde again when distilled in presence 
of a small quantity of dilute sulphuric acid. 

With alkalis, even dilute alkalis, many aldehydes, especially the more simple 
ones of the fatty series, resinify, whilst some give rise to an alcohol and an 
acid : 


{formaldehyde) -f HgO = CH3 * OH + H * CO2H {formic acid). 
H 


With halogens the aldehydes give substitution products, and with hydrogen 
sulphide various complex products {fliioaldehydes, etc.) with characteristic 
odours. 

With hydroxyiamine, aldehydes form aldoximes, which are resolved into 
their components when boiled with acids, and yield nitriles when treated with 
dehydrating agents : CHg * CHO + HHg • OH = H^O + CHg • CH : N * OH. 

A similar action is exhibited by the hydrazines (as hydrochloride or acetate 
in acetic acid solution containing sodium acetate ; the most suitable is phenyl- 
hydrazine), which give characteristic, stable, and often crystalline compounds, 
termed hydrazones : 

CHg • CHO + C2H5 • NH • NHg {ethylhydrazine) = 

HgO + CHg * CH ; N’NH * CgHg {acetaldehyde ethylhydrazone ) ; ■ 

by nascent hydrogen (4H) this is converted into 2 mols. of primary amine : 

2CH3-CH2-NH2. 

With oxidising agents the phenylhydrazone gives difhenyldiazomethane, 

(CaH5),0:N,. 

Characteristic of the aldehydes is also the formation of crystalline semicar- 
.lazones by the action of the hydrochloride of semicarbazide, NHg * CO * NH * NHg 
(obtained by the interaction of potassium cyanate and hydrazine hydrate) : 

R-CHO + HH2'C0-NH*NH2 -HaO + H ' CH : N * NH * CO • NHg. 

Both the hydrazones and semicarbazones serve for the separation of the 
aldehydes from other substances and for their quantitative determination. 

From aqueous liquids aldehydes are separated by means of metanitrobenz- 
hy dr azide, with which they form insoluble condensation products. 

A gaseous mixture containing as little as 0*5 mgrm. of formaldehyde per 
100 c.c. precipitates grey, metallic mercury in the cold when passed through 
Federer’s mercuric solution. 

Finally a characteristic qualitative reaction which is given generally by the 
aldehydes and is very sensitive is that of Schiff. It consists in shaking the 
liquid to be tested with a solution (0*02 per cent.) of fuchsine previously 
decolorised by a current of sulphur dioxide. Traces of an aldehyde produce a 
reddish- violet coloration (it is uncertain if 'pure ketones also give this reaction). 

Another reaction characteristic of the aldehydes and not given by ketones 
is that with benzosulphinehydroxamic acid or with nitrohydroxylaminic acid, 


/OH 

OH * NO : N • OH, which forms hydroxamic acids, R • 0 ^ , the , latter 

^N'OH 

producing a cherry-red coloration with ferric chloride, 
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FORMALDEHYDE (or Methanal), H'CHO, was discovered by A. \V. 
Hofmann in 1868 by passing air saturated witli methjd alcohol TaiDoiir OAxr a 
red-hot platinum spiral. Kekule obtained it pure in 1892. 

^ If it occurs out of contact vdth air, the oxidation of methyl alcohol in 
presence of the catalyst is endothermic : CHg • OH = CH 2 O + Hg - 28 Cals. ; 
as a secondary reaction part of the aldehyde may decompose Tilth formation 
of CO and Hg and development of 3*6 Cals. On the large scale it is hence neces- 
sary to prolong the 'heating so as to maintain the most suitable temiDerature 
for the copper catalyst (500° to 600°), ■which rapidl}^ loses its activity under 
such conditions. In presence of oxygen (theoretically 200 litres of air measured 
at 15° per 100 grams of methyl alcohol), however, the reaction is exothermic, 
but the reaction, CHg * OH + 0 = CHgO + H^O -f 30'2 Cals., which should 
be the primary reaction, is not verified. It seems rather that the copper 
catalyst gives an oxide, which vith the carbon monoxide and hydrogen formed 
(according to the first equation) would regenerate the copper vith formation 
of H 2 O and CO 2 and generation of sufficient heat to cause the reaction, once 
started, to proceed without further heating. 

Formaldehyde is a gas which irritates the eyes and liquefies at — 21° to a 
mobile, colourless liquid having the sp. gr. 0*8153 (or 0*9172 at —-.SO®) and 
solidifying at — 92°. It is very soluble in alcohol or water (52*5 per cent.), 
and is placed on the market in the form of 40 per cent, (by vol. or 36 per cent, 
by weight) aqueous solution ^ under the name of formalin or formal; this aqueous 
solution gradually undergoes change (it lasts at most six months), so that 
the commercial product often contains 12 to 15 per cent, of methyl alcohol, 
this being added to prevent separation of polymerised compounds (see later). 
The heat of formation of the gaseous aldehyde is 25 Cals., the heat of solution 
in water being 15 Cals. 


} The concentrations of commercial aqueous solutions of formaldehyde may be deduced 
from the specific gravities by means of the follo-vving table (Auerhach, 1905) : 


Sp.gr. at 

1-0054 

1-0090 

1-0126 

1-0172 

1-0218 

1-0311 

1-0410 

1-0568 

1-0719 

1-0853 

1-1067 

1-1158 


Grams of CH 2 O in 100 e.c. 
of solution 

2- 24 

3- 50 

4- 60 
6-51 
8-37 

11-08 

14-15 

19-89 

25-44 

30-17 

37-72 

41-87 


Grams of CII 2 O in 100 grams 
of solution 

2- 23 

3- 45 

4- 60 
6-30 
8-0 

10-74 

13-59 

18-82 

23-73 

27-80 

34-11 

37-53 


If the aldehyde is pure and leaves no residue, the percentage by volume, if greater than 23, 
should be increased by about 5. 

The analysis of commercial formalin is based on the following reaction of Blank and Finken- 
beiner : 2 CH 2 O + 2NaOH + HgOg = + 2 H 2 O + 2H • COgNa. Three grams of the formal- 

dehyde solution is poured into a long-necked flask containing 25 c.c. of 2ISr-caustic soda solution 
(free from carbonates), the liquid being mixed and 50 c.c. of hydrogen peroxide solution {neutral- 
ised or of known acidity ) carefully added, 3 minutes being taken to make this addition. After 
seven to eight minutes, the excess of alkali remaining is titrated with 2N-sulphuric acid. With 
every cubic centimetre of the 2N-alkali that has reacted corresponds 0-06 gram of formaldehyde. 
Litmus purified several times with alcohol should be used as indicator. 

The estimation of the aldehyde may also he carried out with ammonia {see succeeding Note). 

Brautigam (1910) suggested the determination of formaldehyde by adding to it excess of clear 
calcium hypochlorite solution. After a time the solution deposits calcium carbonate, which is 
filtered, washed, and weighed ; 1 mol. of CaCOg corresponds wth 1 mol. of formaldehyde. 

To determine the methyl alcohol which may be present, 5 c.c. of the solution, diluted vith 
100 c.c. of water, is distilled vdth an excess of ammonia (about 10 c.c. of concentrated ammonia), 
50 c.c. of the distillate being collected in a 100 c.c. flask and madeyp to volume with water. 
The methyl alcohol in 5 c.c. of this solution, which contains only negligible traces of formaldehyde, 
is determined by the iodine method (see p. 129). 
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A question wKich has been under discussion for many years is the possible formation 
of formaldehyde as the first product in the natural synthesis of carbohydrates {see Sugar) 
in the leaves of plants, from carbon dioxide under the influence of chlorophyll. 

Numerous sensitive reagents have been employed to detect microscopically the tran- 
sitory formation of formaldehyde in living leaves, but almost all these reagents are poisonous 
to plants and no decisive results have been obtained, even those of Pollacci (1907), who 
distilled the leaves with water and tested for formaldehyde in the distillate, being doubtful. 
Schryver (1910) has succeeded in establishing the formation of aldehyde in green plants in 
sunlight, by making use of a very sensitive reagent (detecting 1 part of aldehyde per mOlion) 
consisting of a solution of phenylhydrazine, potassium ferricyanide, and hydrochloric 
acid; this reagent gives a red coloration with formaldehyde or with the methylene 
derivative which chlorophyll would form with the aldehyde. 

Angelico and Catalano (1913) have demonstrated the presence of formaldehyde in the 
juices of green plants by means of a very sensitive reagent, atractylin, which is the active 
component of the glucoside of Atractylis gummifera. Treatment of a trace of atractylin 
with two or three drops of concentrated sulphuric acid yields a yellow coloration, w^hich 
changes to violet and then to blue on addition of a drop of a very dilute solution of 
formaldehyde; this reaction appears to be specific for formaldehyde. 

PROPERTIES. Formaldehyde polymerises to a white buttery mass of faraformalde- 
hydsy GCHgO -f- HgO, wEich is also formed in soft flocks when the aqueous aldehyde is 
evaporated. Paraformaldehyde dissolves in hot water and then shows all the properties 
of a solution of formaldehyde. Treatment of formaldehyde solution with concentrated 
sulphuric acid results in the separation of a white crystalline mass of ^olyoxymeihyUne 
(improperly termed trioxymethylene), of which four modifications (a~, y— and S— 
oxymethylenes) are known; these are insoluble in alcohol or ether, have m.-pts. 165° to 
172°, and behave like formaldehyde when heated or in aqueous solution. True a-trioxy- 
methylene, produced under definite conditions (e. g., with a trace of sulphuric acid) from 
formaldehyde vapour in the hot, forms white, pliable, acicular, highly refractive crystals, 
m.-pt. 63°, which sublime readily and are soluble in water, alcohol, or ether; its true 
constitution is CH„ • 0 • CII9. 

I “ I “ 

O-CHj-O 

These different solid polymerides of formaldehyde yield vapour of the latter when 
heated, and hence serve as convenient and portable disinfectants (as pastilles), being sold 
under various trade names {triformol, paraformol, etc.). 

With ammonia formaldehyde gives, not an aldehyde-ammonia, but hexamethylene- 
tetramine {urotropine)^ which is crystalline and of feebly monobasic character ; 

this compound is used as an antifermentative to preserve milk and to fix the excess of 
sulphurous acid in wine {see note, p. 187), and medicinally as a solvent for uric acid in the 
treatment of uric arthritis. With hot, dilute caustic soda solution the aldehyde does not 
resinify, but gives methyl alcohol and formic acid {see above ) ; with the concentrated alkali 
it yields only formic acid and nascent hydrogen, and in these conditions exerts a strong 
reducing action and separates Ag, Au and Hg from their salts. 

Formaldehyde is one of the most active substances chemically and lends itself to many 
varied organic syntheses. Under the action of minimal proportions of certain alkalies, 
e. g,, lime water, it undergoes condensation to glycollic aldehyde, OH • CHg • CHO, and 
then to formose, CgHigOg, the principal component of which is a-acrose or inactive fructose. 

^ ^ This reaction was proposed by L. Legler in 1883 as a means of estimating formaldehyde 

in commercial solutions: 6CH2O -|- 4NH3 = (CH2)eN4 -f- GHgO; the reaction is, however, 
slow and the method not veiy accurate. F. Hermann (1911 ) has rendered it more rapid and exact 
m the following manner. Four cubic centimetres of the formalin is weighed into a 150 c.c. 
flask with a ground stopper, and about 3 grams of pure powdered ammonium chloride and exactly 
25 c.c. of 2N-caustic soda (equivalent to 50 c.c. of normal soda ) added. The flask is stoppered 
and shaken, and, when the mass is cool, 50 c.c. of water and 4 drops of 1 per cent, methyl orange 
are added and the excess of alkali titrated with normal sulphuric acid. Deduction of the volume 
of acid required from 50 c.c. gives the volume of soda used in liberating, from the ammonium 
chloride, a corresponding amount of nascent ammonia, which instantly transforms the aldehyde 
latter is, however, monobasic and reacts with part of the 
sulphuric acid, and, in order to obtain the number of grams of formaldehyde in the quantity of 
formalin taken, the number of cubic centimetres of soda arrived at above must be multiplied 
by the factor 0-06. If the formalin be acid initially, the acidity must be determined separately 
by titration with soda in presence of phenolphthalein and the 50 c.c. of soda increased accordingly. 
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With bisulphite solution and zinc dust it yields hydrosulphite compounds {see Vol. I., 
p. 586). A characteristic and very sensitive reaction of formaldehyde is that proposed by 
Rimini, according to whom a mixture of phenylhydrazine hydrochloride, sodium nitro- 
prusside, and caustic soda is coloured blue even by minimal traces of the aldehyde. 

Formaldehyde gives Schiff s reaction [see above) even in presence of a certain amount 
of sulphuric acid, whilst acetaldehyde does not. 

MANUFACTURE. In 1886 0. Loew replaced the platinum used as catalyst by copper, 
the yield of aldehyde thus obtained being 31 per cent, of the theoretical yield. 

In 1908 Orloff devised a large-scale plant in which rectifying columns were used, 
igniters composed of heaps of platinised asbestos taking the place of the initial heating. 
Platinum being excluded on account of its high price and iron owing to its low yield, either 
silver gauze or asbestos impregnated with silver was used as catalyst, the yield being 
almost theoretical (Ger. Pat. 228,697; U.S. Pats. 1,067,668 and 1,100,076). The most 
suitable temperature for the formation of the aldehv'de is about 450°, decomposition into 
CO and Hg occurring if this is surpassed. The catalytic layer should not exceed a certain 
thickness. The methyl alcohol is used at a concentration of 90 per cent., but 98 per cent, 
is better, provided that not more than 1 per cent, of acetone is present. In order to obtain 
the proper proportion between alcohol and air (1 part of alcohol and 0*36 part of oxygen), 
the latter is passed through alcohol heated to about 52° ; about 35 per cent, of the alcohol 



should distil unchanged, whilst 65 to 70 per cent, is transformed into aldehydes. An 
apparatus designed by Orloff and modified by F. H. Meyer is shovm in Fig. 181. The 
vessel ^ contains a supply of air furnished by the compressor 7, this passing gradually 
into the saturator 4, where it meets a spray of alcohol from the tank S. By means of steam 
coils the saturator is kept at 52°, the air, saturated with alcohol vapour, at this temperature 
proceeding to the catalysing chamber 6, in which the alcohol is partially oxidised to 
aldehyde. The mixture of aldehyde, alcohol, nitrogen and water vapour from o enters 
at the bottom of the rectifying column 6, in which the temperature is regulated so that a 
40 per cent, aqueous formaldehyde solution condenses ; this is discharged into the sepaijitor 
8, and thence into the vessel B. The excess of alcohol vapour passes from the top of the 
column to the condenser 7, thp condensed alcohol being collected in the tank IS and thence 
pumped to the tank S, into which a further amount of alcohol is forced by the pump I 4 . 
The nitrogen and other gases escaping from 11 are washed with a little water in the tower 
9 before being dispersed into the air ; the small amount of dilute methyl alcohol thus 
recovered is rectified in the column 70, from which the condensed water is discharged at 
A, while the alcohol vapour from the top of the column is condensed in 11, the liquid 
flowing into the tank 1£. 

The catalyser is formed of a bundle of six copper tubes 60 cm. long and 5 cm. in diameter, 
fixed to tubulated plates so as to form, in the cylinder containing these tubes, a distribut- 
ing chamber at the entrance, and a collecting chamber for the oxidised gases at the exit, 
of the tubes. At the front end of each tube is a compact roll of fine copper gauze, forming 
a sort of plug 11 cm, long, this being preceded by a small tuft of platinised asbestos which 
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aiitomatica'lly ignites the alcohol vapour. The formaldehyde condensing in the colunm 6 
(if the height and temperature of this are properly regulated) contains 14 per cent, of methyl 
alcohol, 52 per cent, of water and 40 per cent, of formaldehyde. Various modifications 
in the saturator have been suggested (see Ger. Pat. 106,495, 1898). Ignition of the alcohol 
vapour by means of electrical resistances in the catalysing apparatus has also been 
attempted (W. Lob, 1912). 

Various endeavours which have been made to prepare formaldehyde from methane 
(e. g., by mixing it with an equal volume of air and using granulated copper at 600° as 
catalyst) have not yet given satisfactory results (Ger. Pats. 109,014, 214,155, 286,731, etc.), 
the yields being very low. Further, practical success has not attended the preparation of 
formaldehyde, either by reducing formic acid vapour mixed with hydrogen in presence of 
various metals at high temperatures (Ger. Pat. 185,932, 1905), or by heating tin formate 
at 180° so as to decompose it into COg and formaldehyde (Ger. Pat. 183,856). 

USES. Formaldehyde has considerable antiseptic power, even in aqueous 
solution ; its use in foodstuffs is prohibited. It is largely used at the present 
time in 1 to 3 per cent, solutions as a disinfectant in houses and for the preserva- 
tion of readily putrescibie substances (1 part in 2000 kills bacteria and 1 in 
1000 also spores) . Its vapour has an acute and penetrating odour and irritates 
the eyes. On account of the property possessed by formaldehyde of combining 
with proteins to form insoluble and stable products, it is used in the manufac- 
ture from casein of articles of a horny consistency {galalith) and in making 
imitation pegamoid; also in preparing photographic films with gelatine, for 
rendering insoluble or hardening coloured gelatine for textile printing, and 
for hastening the tanning of skins. It causes the polymerisation and resinifioa- 
tion of phenols {see Formolite reaction of petroleum, pp. 71 and 91) and is 
consequently used in large quantities in making haekelite {see Part III : chapter 
on Phenol) and neradol, which replaces tannin in the tanning of hides. The 
hydrosulphite derivatives {see above) are largely employed in the dyeing and 
printing of textiles. 

Owing to its great reactivity, it is largely used in organic syntheses, e. g., 
in the manufacture of aniline dyes. 

Solid and liquid disinfectants containing free aldehyde are prepared in 
large number. Thus, lysoform consists of a soap solution of formaldehyde, 
and mixtures or compounds of the aldehyde with sugar, oil, quinohes, amines, 
creosote, ichthyol {see p. 103), ricinoleic acid {ozoform), etc., are also sold. 

STATISTICS AND PRICES. The price of commercial 40 per cent, formaldehyde is 
about £40 per ton, while pure, powdered paraldehyde costs is. to 5s. per kilo. 

Germany consumed about 500 tons of formaldehyde per annum before the war. 

Italy produces it in varying amounts, as much as 60 tons per annum being sometimes 
made prior to the war, when the importation was about 250 tons per year. 

For France the movements of the aldehyde are as follows (tons) : 



1910 

19U 

1915 

1916 

Importation . 

. 469 

391 

1047 

613 

Exportation . 

. 25 

16 

83 

33 


ACETALDEHYDE (Ethanal), CHg' CHO, isa colourless, mobile liquid, sp. gr. O-SOl 
(at 0°), b.-pt. 21°, and solidifies at — 121°. It has an agreeable but suffocating odour, 
and it polymerises with moderate ease, giving the 'paraldehyde and metaldehyde {see above). 
It dissolves in water, alcohol, or ether, and is readily converted into acetic acid by oxidising 
agents. 

It is prepared by pouring a mixture of 3 parts of 90 per cent, alcohol and 4 parts of 
concentrated sulphuric acid slowly into a solution of 3 parts of potassium dichromate in 
12 of water, the liquid being kept cool meanwhile. The solution is then heated in a reffux 
apparatus on a water-bath and subsequently distilled. The mixture of alcohol, aldehyde, 
and acetal thus obtained is heated to 60° and the aldehyde vapour passed into cold ether. 
On passing ammonia into this solution, crystallised aldehyde-ammonia, CHg • CH(OH) • 
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separates ; this, when pressed and distUled with dilute sulphuric acid, gives pure acetalde- 
hyde. The commercial aldehyde is obtained from the foreshots of alcohol distillation, from 
which it is separated by simple fractional distillation. 

It is of importance in many organic syntheses and in the production of silver mirrors. 
The price of 50 per cent, solutions before the war was 2s. per kilo, that of the 95 to 99 
per cent, product 3s. 6d., and that of the purest aldehyde 15s.^ 

METHYLAL, H • CHlOCHglg, ACETAL, CHg • CHiOCgHgla {see p. 245). 

PROPALDEHYDE, . CHO, is found among the tarry products from the 
distillation of wood. Valeraldehyde, C^Hg • CHO, boils at 92° and begins to show 
a diminution in solubility in water. Normal heptaldehyde (cenantaldehyde), • CHO, 
is found among the products of decomposition of castor-oil when this is subjected to 
distillation in a vacuum. Nonyl aldehyde, C 8 Hj 7 • CHO, occurs in the oxidation 
products of oleic acid or, better, in the decomposition products of the ozonide of oleic acid 
(Harries, Molinari, etc.); it boils at about 192°. 

CHLORAL (Trichloroethanal), CClg'CHO, is the most important halo- 
genated derivative of the aldehydes. It is a dense liquid with a peculiar, 
penetrating odour and boils at 94*4°. It is prepared by passing chlorine into 
pure alcohol (96 per cent.) for some days, the hydrochloric acid formed being 
collected. At first the mass is cooled, but is afterwards heated to 60° and then 
to 100°, the stream of chlorine being suspended when a little of the liquid 
dissolves completely in water. The reaction may^ be accelerated by addition 
of a trace of iodine or ferric chloride. The final product is heated to boiling 
under a reflux condenser vith an equal amount of concentrated sulphuric 
acid in a lead-lined apparatus. After evolution of hydrogen chloride has 
ceased, the liquid is distilled until the temperature of the vapour reaches 
100°, the distillate being subsequently rectified and the fraction boiling at 94° 
to 97° collected separately. If this chloral is mixed with an equimolecular 
proportion of water it forms a crystalline mass of chloral hydrate {see below), 
which may be pressed and crystallised from chloroform, CS2 or benzene. Chloral 
is also prepared electrolytically : the bath contains potassium chloride solution 
at 100° and is fitted with a diaphragm; alcohol is passed into the anode 
chamber, where chlorine is formed, and the hydrogen chloride produced at the 
anode (carbon) is neutralised by the potassium hydroxide formed (1 h.p.-hour 
yields 50 grams of chloral) ; the cathode is of copper. 

Chloral gives the reactions of the aldehydes and is used in medicine as an 
anaesthetic and soporific, being first treated with water to form the crystalline 

CHLORAL HYDRATE, CCl3'CH<Qg, which is readily soluble in water 

(m.-pt. 57°); this is one of the few compounds having two hydroxyl groups 
united to the same carbon atom. The crystalline alcoholates or Acetals, 
CCI3 * CH(OH) * OCgHg and CCI3 * CH(OC2H5)2, corresponding with this hydrate, 
are known. 

Chloral costs about 6s. per kilo. 

ALDEHYDES WITH UNSATURATED RADICALS 

ACRALDEHYDE (Propenal, Acrolein, or Allyl Aldehyde), CHg : CH * CHO, is formed 
when fats are burned, owing to loss of water by the glycerol present ; a similar change 
takes place when glycerol is heated with potassium hydrogen sulphate or boric acid. By 
distillation of 200 c.c. of concentrated glycerine with 10 grams of potassium bisulphate 

1 The estimation of acetaldehyde is based on the following reaction (Seyewetz and Bardin) : 

2Na2S03 + 2 CH 3 • CHO -f HaSO, = Na2S04 -{. (CHo. • CHO, mHSOs)^. 

The aldehyde is diluted to 7 to 8 per cent, and about 10 c.c. of this solution is poured into 40 c.c. 
of 10 per cent, pure sodium sulphite solution. After the addition of a few drops of neutralised 
alcoholic phenolphthalein solution the liquid is cooled to 4° to 5° and titrated with normal sul- 
phuric acid until it is decolorised. This occurs when no further combination of aldehyde and 
sulphurous acid takes place. This determination is not afiected by the presence of alcohol, 
acetal, or paraldehyde. 
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at 105° to 110° and rectification of the first distillate (140 to 150 c.c.), 35 c,c. of acrolein 
are obtained. 

Acrolein, "which may also be obtained by the oxidation of allyl alcohol, is a liquid, 
b.-pt. 52*4°, and has a characteristic pungent odour. When oxidised, it yields acrylic 
acid and, when reduced, allyl alcohol. It has all the chemical properties of the aldehydes 
and polymerises in the course of a few hours. With ammonia, it gives a solid, basic 
condensation product, soluble in water : 2 C 3 H 4 O + NHg = HgO + CgHgON {acrolein- 
ammonia, which gives jpicolhie on distillation). Owing to its double linking, acrolein 
unites with 2 mols, of sodium bisulphite, and the resulting product, when boiled with acid, 
gives up only one bisulphite molecule, namely, that combined with the aldehyde group. 

CROTONALDEHYDE, CHg • CH : CH • CHO, is obtained by distilling the corre- 
sponding aldol, CH 3 • GH(OB[) • CHg • CHO, at 140° or by the dehydrating action of zinc 
chloride or sodium acetate on the saturated aldehyde. It is a liquid boiling at 104° and 
possessing a penetrating odour, and its constitution is shown by the fact that it yields 
crotonie acid when oxidised with silver oxide. 

CITRAL (or Geranial), (CHglgC : CH • CH^ • CHg • ClCHg) : CH • CHO, is a liquid of 
pleasant odour, b.-pt. 229°, and occurs in many essences (of mandarin, citron, lemon, orange, 
and most abundantly — 60 per cent. — ^in that of Verbena indiana or lemon-grass, from 
which it is separated by means of its bisulphite compound). It may also be obtained by 
the gentle oxidation of the corresponding alcohol, geraniol, which boils at 230°. It exists 
in two stereoisomeric forms, the cis- and trans-modifications. When oxidised with potas- 
sium bisulphate at 170°, citral is transformed into cymene (with a closed ring) with 
separation of water. 

CITRONELLAL, (CHglgC : CH • CHg CHg • CHfCHg) . CHg • CHO, is found with 
citral in citron oil and boils at 208°. 

PROPARGYL ALDEHYDE, CH i C • CHO, is a solid, m.-pt. 60°, and is obtained 
from dibromoacrolein by way of the acetal. As it contains the group CH \ 0, it forms 
metallic derivatives {see pp. 110 and 112 ). 

{h) KETONES (R— CO— R') 

These have the carbonyl group attached to two alcohol radicals and, if 
the latter are similar, are known as simple ketones and, if different, mixed 
ketones. The first member must contain at least three carbon atoms. They 
present the same cases of isomerism as the secondary alcohols, and are metameric 
with the aldehydes. 

Up to the Cii-compound they are liquid and beyond that solid, but all 
are less dense than water. They resist feeble oxidation, but energetic oxidising 
agents (dichiomate and dilute sulphuric acid) break the chain of the ketone 
at the' carbonyl group, thus forming an acid with a lower number of carbon 
atoms : CHg • CO • CH3 -f 40 = HgO + COg + CHg • COgH. In mixed ketones, 
however, the carboxyl is united mainly to the smaller alkyl radical (R or R'), 
but the acid with the higher alkyl is always formed to some extent. With 
ammonia, the action is different from that in the case of aldehydes : water is 
eliminated from 2 or 3 mols. of ketone and di- and tri-ketonamines (or acetona- 
mines), e. g'., CgH^gONT, formed. Turther, the ketones do not polymerise, but 
they form condensation products. They do not react with ammoniacal silver 
solutions or with Fehling’s solution, and are hence not reducing in character 
(difference from aldehydes). 

With phosphorus pentachloride they give the corresponding dichloro’ 
derivatives ; for instance, acetone gives 2 -dichloropropane, CHg * CClg * CHg. 

On reduction, they yield secondary alcohols, and with very energetic oxidis- 
ing reagents (HgOg, etc.) they form cMracteristic polymerised ketonic per- 
oxides, e. g., [(CH3)2C02]2, [(CHglgCOglg. With ethyl orthoformate they give 
acetals, (CH3)2C (003115)2, and similarly with mercaptans they form Mercaptols, 
e.g., (€113)20(802115)2, which, when oxidised with permanganate, gives 
Sulphonal, (0113)20(80202115)2 (see pp. 119 and 233 ). 
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Ketones, wMch generally contain the group CHg'CO’, form, sodium 
bisulphite, compounds which are crystalline and hence readily separable from 
other substances : 

(CH3)2C0 + SOsHNa = (CH3)3C< 

This compound crystallises also with 1 mol. HgO and jields acetone easily 
when heated wdth dilute soda solution. 

With hydrocyanic acid, ketones give the cyanohydrins or nitriles of higher 

acids : e. g., (CH3)3C<°®. 

With hydrogen sulphide, but 07 ily in presence of HCl, etc., they form 
trithioJcetones, which on heating give simple thiohetones. 

With hydroxylamine, ketones readily form the so-called heioximes, 
RgC : N • OH,i similar to aldoximes, and with phenylhydrazine they give 
phenylhydrazones, just as aldehydes do : 

(CH3)2C0 -f NH2 • OH = H2O -f (CH3)2C : N • oh [acetoxbne). 

Under certain conditions, e, by the action of acetyl chloride, ketoximes 
undergo an atomic transposition by which they are converted into amides 
substituted in the amino-group (Beckmann rearrangement), these being tauto- 
meric with the ketoximes : 

R-C:0 

N-OH IsW'. 

The action of nitrous acid (or its esters) yields isonitrosokefones : 

CH3 • CO • CH3 + NO2H = HgO -f CHg • CO • CH : N * OH. 

In presence of various reagents, e.g., lime, potash, sulphuric or hydrochloric 
acid, etc., the ketones lose water and undergo condensation (whilst aldehydes 
polymerise): 3(CH3)2CO — 2H2O -f C9H14O. Similar condensations occur 
between ketones and aldehydes. 

The FORMATION OF KETONES takes j)lace on the dry distillation of 
wood or of the calcium or barium salts of many organic acids or on simple 
heating of the latter or the anhydrides of the acids in presence of phosphorus 
pentoxide : (CHg • C02)2Ca = CaC03 + CH3 • CO ‘ CH3 {acetone) ; if mixed 
ketones are required, a mixture of the salts of two different acids is used.^ 
Noteworthy also is the formation of ketones by the oxidation of secondary 

^ For the ketoximes (as for the aldoximes) stereoisomerides exiht as a consequence of the 
stereoisomerism of nitrogen (see p. 22 ) which has been studied by Beckmann, V. Meyer, Aiiwer, 
H. Goldschmidt, Hantzsch and Werner, Minunni, etc. Thus for aldoximes we have the two 
following stereoisomeric configurations : 

Rr-G-H R— Ck-H 

11 (syw-aldoxime) and 11 (anti-aldoxime), 

N— OH OH— N 

whilst for ketoximes, stereoisomerides exist if the two all^yl radicals are different : 

Rj — C — R^ R — C — R^ 

II (syw.-ketoxime) and I! (aTib'-ketoxime) 

N— OH OH— N 

These isomerides are transformable one into the other, and in addition to their physical differ- 
ences exhibit also chemical differences, e. g., in regard to the readiness with which they lose 
water (aldoximes giving nitriles). 

2 This reaction may be used to demonstrate the normal constitution (absence of branching 
from the carbon chain) of acids, ketones, and hydrocarbons (paraffins), since on distilling an 
organic barium salt with a normal Cn chain with barium acetate, a Cn+i ketone is obtained 
which should also be normal, as the methyl group of the acetate unites with the carbonyl at the 
end of the chain of the acid. On oxidation, this ketone gives a Cn~i acid which vill also be 
normal. From this are prepared the ketone and then a Gn - 2 acid, so that normal products 
are always obtained (also the corresponding hydrocarbons) by this gradual descent from a high 
acid of which the constitution is known to be normal. 



254 ORGANIC CHEMISTRY 

alcohols (see p. 125) : CHg * CH(OH) * CHg - 1 - 0 = HgO + CHg • CO ‘ CH 3 . Also, 
with powdered metals (Sabatier and Senderens, pp. 35, 67 and 124), secondary 
alcohols give ketones, hydrogen being eliminated. 

Ketones are also formed by the action of water in the hot on chlorinated 
hydrocarbons having two chlorine atoms united to the same carbon atom : 
(CH 3 ) 2 CCl 2 + HgO == 2HC1 + CH 3 • CO * CHg. 

Another general method of preparing ketones is based on the interaction of 
zinc alkyls and acid chlorides, the additive product formed being immediately de- 
composed with water in such, a way as to avoid the formation of tertiary alcohols : 
2 CH 3 • CO • Cl + =.ZnCl 2 + 2 CH 3 * CO * CgHg {methyl ethyl hetone). 

Acetone is formed when acetic acid vapour is passed over a heated acetate or 
basic oxide. 

ACETONE (Propanone), CH^ • CO • CHg, is found in small quantities in the 
human organism, where it is formed in larger amounts during certain diseases 
(diabetes, acetonuria). It is formed in considerable quantities in the dry 
distillation of wood and of other organic substances (calcium acetate, sugar, 
gum, wool-fat, etc.). It is a liquid with an ethereal odour and a characteristic 
burning taste, b.-pt. 56*5°,^ sp. gr. 0*7970 at 15° and 0*7798 at 30°; it solidifies 
at — 95°. Its heat of evaporation is 125*3 Cals, at 56*3° ; a litre of the vapour, 
calculated to 0° and 760 mm., weighs 2*5896 grams. It is soluble in water 
(from which it separates on addition of soluble salts), alcohol, ether, and 
chloroform; it dissolves fats, resins, ethereal oils, nitrocellulose, etc., and is 
readily inflammable. It dissolves only 0*26 per cent, of paraffin wax. 

In aqueous solution rendered alkaline with sodium carbonate, it is oxidised 
with ease by potassium permanganate, and chromic acid converts it into acetic 
acid and carbon dioxide. With sodium it forms sodium ^-allyloxide : 

CH 3 -C(ONa):CH 2 . 

In the crude form, it is used in varnish, lac and colour factories and in a more 
or less pure state in the manufacture of iodoform. Also at the present time 
pure acetone is employed in large quantities for gelatinising the nitrocellulose 
of cordite and other smokeless powders (see later : Statistics), and that of 
celluloid so that this may be rolled. Large quantities are consumed in the 
manufacture of varnishes with a basis of cellulose acetate which serve as 
‘‘ dope ” in the construction of aeroplanes. Acetone is used in making chloro- 
form and its derivatives and in the preparation of plastic materials from casein 
and copal resin (which gives a kind of amber); with mannitol, arabitol or 
glycerine it gives camphor substitutes (Ger. Pat. 214,962). It may be used 
in the synthesis of indigo from orthonitrobenzaldehyde and in making isoprene 
for artificial rubber. It is employed to some extent to dissolve acetylene (q. u.) 
and also, in the crude state, owing to the intense burning taste it imparts, as 
a denaturant for spirit, from which it cannot be separated by distillation. 

Industrial Preparation. Calcium acetate obtained from pyroligneous acid {which see) 
is subjected to dry distillation, the temperature being controlled so that it does not exceed 
300°; the vapours evolved are rapidly cooled and condensed, giving crude acetone. In 
order to avoid superheating and irregularity during the distillation, moist calcium acetate 
is sometimes employed. The acetone vapour escaping condensation is easily recovered 
by passing it through towers down which a spray of sodium bisulphite solution falls ; this 
fixes the acetone, which may be liberated by distilling the solution in presence of an alkali. 
In Prance, Buisine has utilised the wash-waters of dirty wool to prepare acetone from the 

1 The vapour pressure of acetone vapour is 179’6mm. of mercury at 20°, 420 mm. at 40°, 
860 5 mm. at 60°, 1611 mm. at 80°, 2797 mm. at 100°, 4547 mm. at 120°, and 6974 mm. at 140°. 
The composition of thewapour obtained when aqueous solutions of acetone are boiled is as 
follows : 

Percentage of acetone in solution 1.4 10 20 40 60 80 85 90 95 100 

»» ,, vapour . 20-4 56 81*5 87*5 92-5 94 95-3 95-7 96-3 97-5 100 
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fat they contain. This process has been tried on an industrial scale at Eoubaix, but as yet 
without marked success. 

During the European War acetone increased enormously in price — eTen to £400 per 
ton — and many different methods of making it were employed. In France and elsewhere 
it was obtained from starch by the action of special micro-organisms, which produce at 
the same time large proportions of butyl alcohol (now used for making various butyl esters) 
and higher ketones. Synthetic acetone is prepared also from acetylene, which with 
energetic oxidising agents (persulphuric acid, hydrogen peroxide, etc.) in presence of a 
mercuric salt HgCIg) gives first trichloromercuriacetaldehyde, C(HgCl) 3 * 0 H; the 
latter, with dilute HCl in the hot, yields formaldehyde and SHgClg. When passed 
through a tube containing a suitable catalyst at 400°, acetic acid vapour yields acetone : 
2 CH 3 • COOH = CO 2 + HgO -f CH 3 • CO • CH 3 . 

The crude acetone is purified by digesting it with quicklime and then distilling it from 
sodium hydroxide and subsequently over sodium sulphite. 

STATISTICS AND PRICES. Acetone is used most largely for smokeless powder, and 
during the European War its consumption and price reached fantastic figures. Italy 
imported the following quantities of acetone, mostly from the United States : 

1910 1911 1913 1913 19U 1915 191G 1917 1918 

Imports, hectolitres 438 801 325 391 780 3,273 7,253 14,542 26,584 

Value in £ . 2,628 — — 6,593 — 52,360 174,080 465,320 850,680 

Great Britain consumed in 1908 1500 tons of acetone (£100,000), almost all imported 
from the United States; in 1910 1100 tons (£57,000) was imported. No certain figures 
regarding the enormous amounts imported durmg the war are available, but in 1917 the 
quantity probably exceeded 10,000 tons, of the value £4,000,000. 

Germany imported crude acetone, especially from Austria, and exported pure acetone 
in the following quantities (tons) : 



1907 

1908 

1909 

1910 

1911 

191*2 

Imports 

. 56 

87-5 

271.5 

482 

767 

912 (£38,800) 

Exports 

. 801 

357 

.328 

414 

468 

1012 (£60,000) 


France produces acetone to some extent and also imports it : 2015 tons in 1913, 1258 
in 1914, 300 in 1915, and 357 in 1916. 

Crude, impure acetone {acetone oil) was sold before the war at £34 per ton if dark, or 
£40 if pale. Acetone for industrial purposes (85 to 90 per cent.) sold at £60, the pure 
product (95 to 97 per cent.) at £68, and the chemically pure (98 to 100 per cent.) at £80. 
The bisulphite compound is also placed on the market at £40 per ton (or 14s. per kilo if 
chemically pure). 

Tests for Acetone. These are of especial importance for explosive factories, where a 
highly purified product is’ required. It should dissolve in water in all proportions without 
rendering it turbid. When mixed with a little 0-1 per cent, permanganate solution it 
should retain the colour for some minutes. If acetone contains water, wEen mixed with 
an equal volume of light petroleum (boiling at 40° to 60°) two layers are formed; if no 
water is present, the liquids mix perfectly. At least 95 per cent, of it should distil between 
56° and 56*5°, and it should not redden blue litmus paper. Kramer’s quantitative iodo- 
metric test {see p. 129 ) should indicate at least 98 per cent, of acetone ; Strache’s method, 
in which phenylhydrazine is employed, may also be used.^ The detection of acetone in 
other substances is effected by means of orthonitrobenzaldehyde and caustic soda, which 
convert acetone into indigo. 

MESITYL OXIDE, CHg • CO • CH : C(CH 3 ) 2 , is an aromatic liquid boiling at 132°. 

^ StracTie’s method for the indirect estimation of compounds couiaining carbonyl groups [aldehydes 
and ketones). When to a solution of an aldehyde or a ketone is added an excess of a phenyl- 
hydrazine solution of definite strength, the excess of the latter which does not combine may be 
deduced from the amount of nitrogen liberated on decomposing (oxidising) in the hot with 
Fehling’s solution [a mixture in equal volumes of the following two solutions : (a) 69*26 grams 
of air-dried copper sulphate crystals dissolved in water to 1 litre ; (6) 346 grams of Kochelie salt 
dissolved in 800 c.c. of water -{- 105 grams sodium hydroxide, the whole made up to 1 litre with 
water] ; CeHsNH • NHa + 0 = B^O + CeHe + Ng. The test is made on 0-2 to 0*6 gram of 
substance (aldehyde or ketone) and the details of the operation are described in Zeitschr. fiir 
analyt. Chemie, 1892, p. 573, or in Hans Meyer’s “ Determination of Radicals in Carbon Com- 
pounds,” 1899, p. 65. 
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PHORONE, (CHjjjC : CH ■ CO • CH : CUe^ forms yellow, readily fusible crystals, and 
is obtained by saturating acetone with hydrogen chloride. 

BUTANONE (Methyl ethyl ketone), CHg • CO • CgHg, is a liquid, b.-pt. 81°, and is 
contained in wood-spirit. 

KETENES 

These constitute a group of substances discovered by Staudinger since 1905. Although 
they contain the ketonic group, CO, they differ markedly from the ketones in their great 
reactivity, since they are unsaturated compounds, that is, unsaturated ketones. 

They are derived from the type RgC : CO, which was formerly thought incapable of 
existing in the free state. The residues, R, may be either aromatic or aliphatic hydro- 
carbon radicals. All these compounds may be derived from KETENE, CHg : CO, which 
is a colourless gas, b.-pt. —56°, m.-pt. —151°, and was prepared in 1908; it has a disagree- 
able odour (resembling somewhat those of chlorine and acetic anhydride), is poisonous 
and even in small quantity produces intense headache. It is easily polymerised (by 
metallic chlorides or tertiary bases), yielding a coloured resin. It decolorises ethereal 
bromine solutions instantly, and, unlike disubstituted ketenes, does not undergo oxidation 
in the air. The most stable and best characterised of these compounds are dimethyl-^ 
(CHglgCrCO, and dipJienyl-JceUne, (CgH 5 ) 2 C:CO; mono methyl-, CH 3 -CH:CO, and 
monoethyl-ketene, • CH : CO, have properties similar to those of carbon suboxide, 
0 : C : C : C : 0, and resemble the isocyanates in their great reactivity. The disubstituted 
ketenes are coloured and readily oxidise in the air; two molecules condense with one of a 
base (pyridine, quinolme), and they unite with the C : N • group (benzylideneaniline) and 
with the C ; 0 group (quinones), formuig jS-lactams and ^^-lactones. All the ketenes 
combhae with water, alcohols, or amines at the double carbon-linking, giving compounds 
of an acid nature. The monosubstituted ketenes are also called aldoketenes (colourless) 
and the disubstituted ones, hetohetenes (coloured). They are usually prepared by the action 
of zinc on an ethereal solution of acid halogen derivative with a second halogen in the 
a-position (more rarely by heating malonic anhydrides) : 

CHg • CHBr • COBr + Zn = ZnBrg + CHg • CH : CO. 

a-bromopropionyl bromide 

The ketenes (especially ketoketenes) are easily transformed into acids, and those that 
condense (the ketoketenes) with unsaturated groups (ethylene and carbonyl compounds, 
Schiff’s bases, thioketones, nitroso- and azo-compounds) form compounds with a closed 
chain of four or six carbon atoms, these being resolved into two unsaturated compounds 
when heated. The aldoketenes undergo polymerisation more readily, giving derivatives 
of cyclobutane which decompose on heating. 

B. DERIVATIVES OF POLYHYDRIC ALCOHOLS 

The etlm of polyhydric alcohols are generally prepared by the methods used for ethers 
of the monohydric alcohols and have many properties in common with these. 

ETHYL ETHER OF GLYCOL, OH • CgH^ • OCgHg, boils at 127° and the DIETHYL 
ETHER, CgH^lOCgHglg, at 123°. Of the esters of glycol, the mono- and di-acetates, 
C 2 H 4 (OC 2 HgO) 2 , which are liquids soluble in water, are well known. Glycolchlorohydrin 
or Monochloroethyl Alcohol, OH • CHg • CHg • Cl, boils at 130°, is soluble in water and 
is prepared by passing hydrogen chloride into hot glycol. GLYCOLSULPHURIC ACID, 
OH • CgH^ • 0 • SOgH, is the sulphuric ester of glycol. Glycol Dinitrate, C 2 H 4 (NOg) 2 , is 
a yellowish liquid insoluble in water and explodes on heating ; it is prepared by treating glycol 
with nitric-sulphuric mixture [see later; Nitroglycerine). It is readily hydrolysed by alkali. 

ETHYLENECYANOHYDRIN, CHg : C ; N • CHg • OH, is isomeric with Ethyl- 
idenecyanohydrin, CHg • CH(OH) * CN. Ethylene Cyanide, C 2 H 4 (CN) 2 , obtained by the 
action of potassium cyanide on ethylene bromide, forms a crystalline mass ; on hydrolysis 
it gives Succinic Acid, C 2 H 4 (COOH) 2 . 

ETHYLENE OXIDE, CHg * 0 • CHg, isomeric with acetaldehyde, is a liquid with an 
ethereal odour, sp. gr. 0*898 (at 0°), b.-pt. 12*5°; although neutral in its reaction it 
precipitates certain metallic hydroxides from solutions of their salts. It is formed on 
distilling glycolchlorohydrin with potash. It reacts readily and dissolves in water with 
gradual formation of glycol. 
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The following compounds are also known : Eihykm MonoiUohydrate, C2H4(0B;) • SH; 
Glycol Mercaptan {Etlian-l ; 2-dttkiol), Diihioglycol Chloride, which 

is a very poisonous liquid. HydroxymethylsulpJwnic Acid, CH2(S03H) • OH, is solid and is 
obtained from methyl alcohol and fuming sulphuric acid. Methylenedisulphonic (or 
MetUonic) Acid, CHglSOgHlg, is formed from acetylene and fuming sulphuric acid, by way 
of Acetaldehydedisulphonic Acid, CHO • ^(SOgHlg, which with lime gives formic acid and 
methionic acid ; the latter is isomeric with ethylsulphuric acid, but cannot be hydrolysed. 
Hydroxyethylsulphonic Acid, OH • CHg • CHg • SO3H [Isethionic Acid), is a crystalline mass 
formed by treating ethyl alcohol with sulphur trioxide; ethylene with SO3 gives Carhyl 
Sidphate, C2H4(S03)2, which forms sulphuric and isethionic acids with water. 

Glycol forms also two amines : Hydroxyethylamine, OH • CgH^ • NHg (primary mono- 
valent base, or HydroxyalJcyl Base, or Hydramine), and Ethylenediamine, C2H4(NH2)2 
(primary divalent base). These may also be regarded as derived from one or two molecules 
of ammonia, in which all or part of the hydrogen is substituted by the hydroxyethyl group, 

• CgH^ • OH, or by ethylene, Thus, such compounds as the following are known : 

NH2*C!2H4-0H; (NH2)2C2K4; ^(CgH^ • OHlg, Dihydroxydiethylamine; N(C2H4 • OHlg, 
Tfihydroxytriethylamine ; (]SrH)2(C2H4)2, Diethylenediamme ; H2(C2H4)3, Trietkylenedia- 
mine; and finally quaternary bases containing alkyl groups, e. g., Cholme (or Bilineurme), 
(^•^3)3 : N(* OH) • CgH^ • OH, or Hydroxyetkyltrimethylammonium Hydroxide, which is 
obtained from trimethylamine and ethylene oxide and is found in the bile, in egg-yolk, 
and in the brain in the form of lecithin (see later) ; it is not poisonous, but when oxidised 
with nitric acid yields Muscarine, CH(OH)2 • CHg • ^(CHglg • OH, which has a distinct 
poisonous action. On putrefaction, choline gives neurine (or Trimethylvinyla^njnonhm 
hydroxide), H(CH3)3(C2H3) • OH, which is also poisonous. Many of -these compounds 
are formed in putrefying proteins and in dead bodies, and are called ptomaines. 

These bases are prepared by the same methods as the monovalent bases (p. 239), the 
primary diamines, for example, being obtained by reducing the nitriles, C,jH2,i(CH)2, in 
hot alcoholic solution by means of sodium or from ethylene bromide and alcoholic ammonia 
at 100°. They are liquid or solid substances and have certain of the characters of ammonia. 
Pentamethylenediamine or Cadaverine, NHg • CHg • CHg • CH2 • CHg • CHg * NH2, boils at 
179° and, being a 8-diamine, can form Biperidim, with separation of ammonia. 

Diethylenediamine or Piperazine, C2H4<]^J^]>C2H4, melts at 104° and boils at 146°. 

Tetramethylenediamine is called also Putrescine. 

TAURINE (Aminoethylsulphonic Acid), NHg • CHg • CHg • SO3H, is found in com- 
bination with cholic acid (as Taurocholic Acid) in the bile of various animals and also 
in the lungs and kidneys. It forms monoclinic prisms soluble in hot water but insoluble 
in alcohol, and has a neutral reaction, the basic and acid groups neutralising one another. 
It is not hydrolysable. 

Of the derivatives of Glycerol, the Chlorhydrins or esters of hydrochloric acid are of 
interest ; they are liquids soluble in alcohol or ether, and, to a less extent, in water. With 
hydrochloric acid, glycerol forms the MonocUorhydrm, C3H5(0H)2C1, of which two 
isomerides (a- and /5-) are known, and the Dichlorhydrin, CgHglOHlCIg, also existing in 
two isomeric forms. Either of these, when treated with PCI5, gives the frichloro- 
derivative, CgHgClg.’- At the present time interest attaches also to the formins and 
acetins, which are used in the manufacture of non-congealing explosives.^ 

^ According to Ger. Pat. 180,668, the monochlorhydrin is made by heating for fifteen hours in 
an autoclave at 120° a mixture of 100 parts of glycerol with 150 parts of hydrochloric acid 
(sp. gr. M85). The water is distilled off and the residue subjected to fractional distillation in a 
vacuum (15 mm. pressure); after the acidand water have been eliminated, tbe monochlorhydrin 
distils over at 130° to 150°, and the unaltered glycerine at 165° to 180°. If it is to be nitrated and 
used for explosives, it is sufScient to get rid of the water and acid. According to Er. Pat. 370,224, 
the monochlorhydrin may also be (Stained by shaking glycerine vitb tbe calculated quantity 
of sulphur chloride at a temperature of 40° to 50° ; the water formed is distilled off in a vacuum 
at 60° to 70°. The a-Monochlorhydrin, CH2CI • CH(OH) * CHg • OH, is obtained (according to 
Fr. Pat. 352,750) by passing hydrogen chloride into glycerine heated to 70° to 100°. 

Like glycerine itself, the chlorhydrins are easily nitrated, yielding non-congealing explosives 
(see later). 

2 Monoacetin, CgHglOH )2(0 • COCH3), is obtained by heating for ten to fifteen hours at 100° 
a mixture of 10 parts of glycerol with 15 parts of 40 to 100 per cent, acetic acid, the weak acetic 
acid (25 to 30 per cent.) that distils over being condensed separately. Ten parts of 70 per cent. 

VOL. n. U 
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GLYCIDE ALCOHOL, CHg— CH * CHg • OH, is a liq^uid, b.-pt. 162^ soluble in alcohol 


or ether, and also in water, with which it gives glycerol again; with hydrochloric acid 
it gives the chlorhydrin. It may be regarded as derived from glycerol by the removal of 
a molecule of water, and is prepared by the separation of HCl from the a-monochlorhydrin 
by means of bartya. It is isomeric with propionic acid and reduces ammoniacal silver 
solution. Separation of hydrogen chloride from the diehlorhydrin yields Epichlorhydrin, 
CHg— CH ■ CHgCl, which may be regarded as the hydrochloric ester of glycide alcohol. 



It boils at 117°, has an odour like that of chloroform and is insoluble in water. It is 
isomeric with propionyl chloride and monochloroacetone, and serves as a good solvent 
for nitrocellulose, celluloid, hard resins, organic dyestuffs, etc. 

GLYCEROPHOSPHORIC ACID, OH • CHg • CH(OH) • CHg • 0 • is optically 

active, as also are its calcium and barium salts (Isevo-rotatory). It is interesting from the 
fact that when the hydroxyl-groups are esterified with palmitic, stearic, or oleic acid, and 
the phosphoric residue united to choline, it gives rise to the important group of lecithins, 
which are optically active : 

OR • CHa • CH(OR') • CH 2 • 0 • PO(OH) • 0 • CHg • CH^ • • OH, 

whe:j^e R and R' are fatty acid residues. 

Lecithins are found in the brain, yolks of eggs, and many seeds and are soluble in 
alcohol, and, to a less degree, in ether; they give salts with acids and with bases and yield 
solid compounds with chloroplatinio acid or cadmium chloride. They are saponified by 
barjda, with formation of choline, fatty acids, and glycerophosphoric acid. 

Of the nitric esters of glycerine, the most important is trinitroglycerine 
or glyceryl trinitrate, C3H5(0NO2)3, which is one of the most powerful 
explosives. We shall hence study it from the industrial standpoint, first dis- 
cussing certain general notions concerning explosives. The manufacture of the 
latter constitutps one of the most interesting industries of organic chemistry, 
partly because of the varied mechaudcal appliances which it requires. 

EXPLOSIVE SUBSTANCES 

The name explosive substances, or explosives, is given, in general, to those 
solid and liquid bodies which, under the influence of heat, percussion, electrical 
discharge, etc., are transformed instantaneously and completely — or nearly 
so — ^into a gaseous mass with an enormously increased temperature. 

If the reaction takes place in a closed space, the gases thus produced and 
heated exert a very considerable pressure which can be immediately trans- 
formed into mechanical work, the enclosing substance and all the surround- 
ing objects being shattered with great violence and noise. Such a phenomenon 
(or effect) constitutes a so-called explosion, and if it attains very great rapidity 
and power it is termed a detonation. Tor a constant quantity of gas produced 
in an explosion, the effect will he the greater the higher the temperature 
developed in the reaction. 


acetic acid h then added and the weak acid — ^ap to 40 per cent., which distils at 120° — collected 
apart. After this the temperature is raised in three hours to 250°, the weak acid still being kept 
separate. The crude monoacetin remaining contains about 44 per cent, of combined acetic acid 
and about 0*8 per cent, of the free acid. This acetin is soluble in water and serves well for the 
manufacture of explosive and non-eongealing nitroacetins (see Explosives) and for gelatinising 
the nitroeellulo.se of smokeless powders (Vender, Ger. Pat. 226,422, 1906). The diacetin is 
obtained by heating glycerine with glacial acetic acid at 200° to 275°; it boils at 280°. The 
triacetin, O^HslO • CO • CH 3 ) 3 , is found in the seeds of Mronymus eiiropceus and is prepared 
artificially from the tribromhydrin and silver acetate or industrially from the diacetin and 
glacial acetic acid at 250°. It boils at 268°, has the sp. gr. 1-174 at 8°, and is used as a tanning 
material. 
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THEORY OF EXPLOSIVES 

THEORY OF EXPLOSIVES. The chemical reactions and physical phenomena 
of explosives are produced under conditions differing greatly from those in vhich physical 
and chemical properties of substances are usually studied. The pressures, temperatures, 
and velocities with which we have to deal in- ordinary phenomena are of a very difierent 
order from that of the enormous pressures of the gases in the interior of the earth’s crust, 
which are measured in hundreds of thousands or millions of atmospheres. So also the 
temperatures in various stars, e. y., in the sun, reach thousands of degrees, and the veloci- 
ties of the planets hundreds of kilometres per second. The phenomena now to be con- 
sidered, although they do not attain these enormous magnitudes, still do approach them. 
Indeed, explosions give pressures of tens of thousands of atmospheres, temperatures of 
thousands of degrees, and velocities (of projectiles) of thousands of metres per second. 

Almost all explosive substances contain oxygen (furnished by chlorates, nitrates, 
nitro groups, etc.), only very few, such as nitrogen chloride and iodide, and aniline ful- 
minate, being without it. Mixtures of oxidising agents with readily combustible substances 
(sulphur, carbon, sugar, etc. ) are explosive, but thej' are less powerful than those composed 
of single compounds which explode by themselves. This is because the elements necessary 
for complete combustion are in much greater proximity, being present in the molecule of 
the explosive itself; examples of such explosives are nitroglycerine, guncotton, mercury 
fulminate, picric acid, etc. 

The determination of the theoretical power of an explosive requires a knowledge of : 

(а) the chemical reaction accompanying the explosion, so that the heat of the reaction, 
the temperature, and the volume and relative pressure of the gases formed may be deduced ; 

(б) the velocity of the reaction. In order to imderstand the theory of explosives, it is indis- 
pensable to call to mind the fundamental principles of thermochemistry and of thermo- 
dynamics, for which the reader is referred to the brief account given in Vol. I., pp. 51 
and 54. 

{a) The chemical reaction is deduced from the difference in composition between the 
explosive and the products resultuig from the explosion. When there is sufficient oxygen 
in the explosive to produce complete combustion, the nature and quantities of the gases 
may be calculated a priori, and from their heats of formation their temperature may be 
deduced. The total combustion of nitroglycerine, when exploded in a closed space, gives 
the following products (a ) : 2C3H5(N03)3 = CCOg + oHgO + SXg + 0. 

When there is deficiency of oxygen, as in guncotton and other substances, it is not easy 
to foretell the products of the reaction, as these vary with the conditions in which the 
explosion occurs, and usually several reactions take place simultaneously. Further the 
gases found after the explosion of such products are probably not always those formed at 
the instant of the explosion, as at such high temperatures certain substances (HgO, GO^, 
etc.) may undergo dissociation with absorption of heat.^ 

(6) The heat developed in the explosion is deduced by calculation from the thermo- 
chemical data of the equation, but the practical result is not in accord with the theoretical 
calculation, since part of the heat (25 to 30 per cent. ) that should theoretically be developed 
is transformed into mechanical work, which is what is utilised in practice. In calculating 
theoretically the heat of explosion, the heat of formation of the explosive (from the elements : 
see p. 25) is subtracted from the heat that should theoretically be developed in the reaction. 
The heat of explosion varies, however, according as it is determined at constant volume or 
at constant pressure; in the latter case the explosion of nitroglycerine, for example, is 
effected in the open air, since then the volume varies, but the pressm’e is only that of 
the atmosphere. 

The heat of formation of nitroglycerine from its elements {see p. 25) is given by the 
following equation (5) : Cg + H5 N3 -f Og = C3H5(N03)3 + 98 Cals. 

The heat of reaction, of nitroglycerine may be calculated from equation {a) given 

1 The following Table gives the percentage compositions of the gases resulting from the normal 
explosion of various explosives in the calorimetric bomb : 



CO 

CO3 

O2 

CH4 

Hs 

N2 

Nitrocellulose powder 

. 46-87 

16-8 

0-08 

1-20 

20-U 

14-9 

Gelatine dynamites . 

. 34-0 

32-68 

— . 

0-75 

10-0 

21-0 

Carbonite . 

. 36-0 

19*2 

— 

2-8 

27-6 

14-4 

Picric acid 

. 61-05 

3-46 

0-34 

1-02 

13-18 

21-1 

Trinitrotoluene . 

. 57-01 

1-93 

0-11 

— 

2045 

18-12 
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above, from wMch it is seen tbat 2 mols. or 454 grams of nitroglycerine yield 
eCOg + SEfi + 3^2 + 0. The heat of formation of bCOg is 6 X 97 — 582 Cals., 
and that of SHgO, 5 X 68-5 = 342-5 Cals. For the nitrogen and oxygen there is no 
development of heat, since they are not combined, so that the total heat of reaction 
calculated on the gases formed in the explosion of 2 gram-mols. of nitroglycerine will 
be 924-5 {L e., 582 + 342-5) Cals. From this must be subtracted the heat of formation 
from the elements of 2 mols. of nitroglycerine, since on decomposing under these con- 
ditions of temperature the explosive first of all liberates its atoms, absorbing as much 
heat as is evolved in its formation from its elements (reaction h), i. e., 196 (98 X 2) Cals, 
per 2 mols. The atoms thus liberated combine immediately to give the gases which result 
from the explosion, the heat of formation of which has already been calculated. 

The true theoretical heat of explosion at constant pressure for 454 grams of nitro- 
glycerine will hence be 728-5 (i. e., 924-5 — 196) Cals., or for a kilo, 1603 Cals. The heat 
of reaction at constant volume — ^the explosion occurring in a closed vessel — is rather higher, 
the heat corresponding with the expansion of the gas (see Vol, I., pp. 27 and 52) not being 
absorbed, as no expansion takes place ; theoretically the heat at constant volume is calcu- 
lated to be 1621 Cals, per kilo.^ Sarrau and Vieille, by direct practical measurements, 
found the heat of explosion of nitroglycerine at constant volume to be 1600 Cals., which 
confirms the accuracy of the calculation. 

With substances which themselves contain insufficient oxygen for complete com- 
bustion during explosion, it is not easy to calculate theoretically the heat of explosion, 
since the products of the reaction are not exactly known j in such cases, various direct 
practical determinations must be made. 

On the other hand, the presence of COg alone and the absence of CO in the gaseous 
products of an explosion are insufficient to indicate an adequate amount of oxygen in the 
explosive, since in certain cases (e. g., with trinitrotoluene, etc. ) carbon separates during 
explosion. If the gases contained CO the effect of the explosion might be greater than 
if COg were formed with simultaneous separation of inert carbon. 

The mechanical work, in kilogram-metres, yielded by an explosive is calculated by 
multiplying the number of calories developed in the explosion of 1 kilo of the substance 
by the mechanical equivalent of heat (= 425, see Vol. I., pp. 61 and 52). For various 
explosives this mechanical work (or potential energy) is given in the following Table : 


Nitroglycerine 

(1 kilo )= 1600 Cals. X 425 

= 680,000 

Explosive gelatine . 

= 1530 

= 650,000 

Dynamite 

= 1178 

= 500,000 

Guncotton . 

= 1074 

= 456,000 

Fine sporting powder 

= 849 

= 360,000 

Potassium picrate . 

= 780 

= 330,000 

Fulminate of meremy 

= 403 

= 170,000 

Nitrogen chloride , 

- 339 

= 144,000 


Owing to various causes, the total theoretical energy of explosives cannot be utilised 
practically; e. g., the expansion of the gases at the moment the projectile leaves the cannon 
or gun, the friction, the heating of the barrel, etc., all constitute losses of the useful effect 
of the explosive. 

It is not easy to calculate theoretically the temperature of the gases at the moment of 
explosion, since the specific heat of the gases at such high temperatures cannot be deter- 
mined, but is certainly rather higher than the ordinary value. Further, at such tem- 
peratures dissociation phenomena occur which cannot be defined; these, however, lower 
the temperature, although not greatly, since with the great pressures developed the disso- 
ciation is minimal. On the other hand, with the means we possess, it is not possible to 
measure these temperatures directly, and only approximately can they be determined 
for black powder. In general, however, they are very high and in some cases exceed 4000° 

^ For every gram-molecule of a substance passing from the solid or liquid to the gaseous 
state, owing to the new volume occupied, 590 small calories (Vol. I., pp. 27 and 52) are absorbed. 
In the explosion of 2 mols. of nitroglycerine, 14-5 mols. of gas (GCOg + SEgO -f SNg -1- 0) are 
formed, and these, on expanding, will absorb 14-5 x 690 = 8550 small calories, or 8-5 Cals, per 
454 grams of nitroglycerine, i. e., 18 Cals, per kilo. This, added to 1603, the heat of reaction 
at constant pressure, gives 1621 Cals, as the heat of reaction at constant volume. 
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(for instance, by burning ballistite in the air, platinum with m.-pt. 1800^ is easily melted), 
but even these temperatures, deduced indirectly, are much lower than those calculated 
theoretically.! 

The temperature of ignition does not usually coincide with the temperature of explosion, 
since explosion is caused not so much by the temperature as by the pressure and other 
factors to be considered later ; so that for explosion to occur, special conditions (detonators) 
are necessary. For some substances, however, e. y., black powder, non-compressed gun- 
cotton, etc., the temperature of ignition, given in the following Table, is identical, or almost 
so, with that of explosion ; 


Fulminate of mercury . 
Non-compressed guncotton 
Nitroglycerine 
Black powder 


220 ° to 250° 

218° (explodes at 240° to 250°) 
288° 


There are thus explosives which explode when merely ignited with a match and others 
which are exploded indirectly by means of detonators. 

The volume of the gases formed in the explosion may be calculated with reference to 0° 
and 760 mm., taking account of the fact that at the moment of explosion the water is 
in the state of vapour. In practice, however, it is of more importance to calculate the 
vo.ume at the temperature of explosion, when a knowledge of the gases formed is possible, 
as is the case with nitroglycerine, and, in general, with explosives containing sufficient 
oxygen for their complete combustion. It is, however, not easy to calculate the volume of 
gas formed by products containing an insufficiency of oxygen, like guncotton, etc., with 
which the gases vary quantitatively and qualitatively according to the type of explosion ; 
in such cases the volume must be determined directly. 

The volume of gases is calculated {see Vol. I., pp. 26 et seg.) by means of the general 
formula, 

_ Fo(l + 0- 003670 


where Vt is the required volume at the temperature of explosion t, To is the volume at 0 ° 
and 760 mm. pressure (which can be found from the weight of the gases formed), and 
0*00367 is the coefficient of expansion for all gases. For suQh high temperatures and 
pressures, however, the coefficient of expansion is rather higher than that resulting from 
Gay-Lussac’s and Boyle’s laws, but this difference is compensated for by the somewhat 
higher specific heat of the gas at high temperatures, in consequence of which more than 
the theoretical quantity of heat is absorbed. 

In any case, both for volume and for pressure, use may be made of van der Waals’ 
equation {see Vol. I., p. 42), which was modified for the gases from explosives by 
Sarrau.^ 

The pressure of the gas is deduced from the general formula given above, Yt being 

^ Indeed, water- vapour, formed from Hg -f 0, should have theoretically the temperature 
7927° {see Calculation, Vol. I., p. 465), but in the most favourable practical conditions the oxy- 
hydrogen flame does not exceed 2500°. For carbon dioxide the heat of formation is 97,000 cals., 
and the specific heat 0*217, so that for 44 grams of COg gas (gram -mol.) the temperature attain- 
97 000 

able would be 44 Q. 2 I 7 = 10,160°, and allowing for the fact that along with the 6 mols. of 

CO 2 and 5 of HgO, the 3 mols. of N^ and half a mol. of oxygen formed in the explosion of nitro- 
glycerine are also to he heated the theoretical temperature of the gases from the explosion 
would be about 7000°. This theoretical temperature is determined in general by the formula 

t ~ where p, p\ p" . . . are the weights of the gases formed in the ex- 

plosion, s, s', s" . . . their specific heats, and C the total heat in calories. 

2 Clausius replaced the van der Waals equation by the following more exact expression : 

'P ~ ”* where /(T) denotes a decreasing function of the temperature T and 7 is a 

constant. Sarrau rendered the value of f{T) definite hy making it equal to where 2 and 

K are two new constants. For explosion gases at a very high temperature and relatively small 
volume, the second term of the equation is, according to Sarrau, negligible, so that there remains 
RT 
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diminislied by tbe volume v of the mineral, non-gasifiable residue (in the case of dynamite 
or other mixtures), so that : 

Vo{l + 0*00367 t) _ 


with nitroglycerine, guncotton, etc., v = 0. P is the maximum theoretical force of an 
explosive, starting from its volume (solid) at the ordinary temperature, but the effect of 
a given explosive will be the greater as its density increases, that is, the greater the weight 
for the same volume; for guncotton, for example, the effect will be the greater for the 
same volume, the more it is compressed. Thus the relative specific gravities of different 
explosives are of importance, and in fact fulminate of mercury, which has a high specific 
gravity (five times that of ordinary powder and three times that of nitroglycerine), has 
a maximum rapidity of reaction and is the most powerful detonator, being capable of 
exerting a force of about 27,000 kilos per square centimetre (atmospheres), this being about 
treble that given by any other known explosive. 

In practice, pressures higher than any imaginable may be attained when the volume 
occupied by a given weight of explosive in a closed vessel is less than the critical volume of 
the gas developed, since this critical volume (Vol. I., p. 28) cannot be diminished by any 
pressure, however great. If we term charging density the ratio between the weight of the 
explosive in grams and the volume in cubic centimetres occupied by it in absolutely filling 
its envelope (as though it were liquid or fused), this charging density corresponds with the 
specific gravity of the explosive ; if this density equals or exceeds the reciprocal of the 

limiting volume into which the gases developed (critical volume) can be compressed, 

the pressure attained will be infinitely great and will rupture any enclosing vessel, no 
matter how resistant it may be. The reciprocal of the critical volume of the gases pro- 
duced in the explosion is termed the critical specific volume (or limiting density), and 
comparison of this with the density of charge leads to consequences of practical importance. 


Black powder . 
Nitroglycerine . 
Powdered guncotton 
Picric acid 

Fulminate of mercury 


Limiting density 
ot the gases 

. 2-05 
. 1*40 
. M6 
. 1*14 

. 3*18 


Specific gravity o 
thejesplosive 

1*75 

1*60 

1*20 

1*80 

4*42 


Thus, black powder has a charging density (or specific gravity) of 1*75 to 1*82, which 
does not reach the limiting density, so that even if it is exploded in its own volume it does 
not break the envelope if the latter is strong enough to 
withstand the pressure developed, namely, about 29,000 
kilos per square centimetre. For granular powder, the' 
density of which is 1, the pressure is only 6000 kilos. 

Fig-. 182. The real density (specific gravity) of compressed gun- 

cotton is 1*2, that of nitroglycerine 1*6, and that of 
picric acid 1*8, all of these being superior to the limiting densities of the corresponding 
gases ; so that when they explode in their own volume, all of these explosives burst the 
most resistant envelope, and, in such cases, the velocity of the explosive wave becomes 
infinitely great. Fulminate of mercury, although it has the high limiting density 3*18 
(owing to the low critical volume, v), has the specific gravity 4*42 (to which the density of 
charge approximates) and behaves like nitroglycerine, etc. 

As it is difficult to calculate a priori the pressures exerted by explosives, it is preferable 
to determine them relatively by measuring certain effects of the gases at the instant of 
explosion; this is done, for instance, by observing the crushing or deformation of small 
cylinders of copper or lead, which are termed crushers (Fig. 182). 

The total pressure depends on the character of the explosive and on the nature of the 
explosion [see later), but more especially on the density of charge. 

The specific pressure of an explosive is a constant (a), given by the ratio of the pressure 

ip) to the corresponding density of charge (d) of the explosive itself : ct = This specific 
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VELOCITY OF EXPLOSION 

pressure a is characteristic of any explosive and expresses the pressure developed by unit 
weight (1 gram ) of an explosive in %mit volume (1 c.c. ). The specific pressure is not always the 
maximum pressure that can be exerted, this depending, as we have seen, on the charging 
density in its relation to the critical volume. 

Velocity of reaction or explosion. The duration of the explosion is of great importance, 
since on it depends the greater or less utility of the explosive for different purposes. The 
more rapid the explosion the better is the heat developed utilised, so that this may be 
used almost entirely in heating and expanding the gases and so increasing the pressure 
considerably. If, however, the reaction is slow, a large portion of the heat is dissipated 
by radiation and conduction. 

Explosives with an extremely rapid reaction produce special effects, as they shatter 
the envelope or rock in immediate contact with the explosive into minute fragments — 
an effect often not deshed. These are termed shattering, percussive or high explosives and 
their properties are utilised in certain cases, as, for example, where a small cavity is to 
be made in a rock so that a large quantity of a progressive or propulsive explosive may be 
subsequently introduced. 

If the reaction, although rapid, is not instantaneous, the explosion produces other 
effects, for instance, the cleaving of large stones or rocks and the projection of fragments 
lying near the explosive ; this progressive or rending action is the effect usually desired 
hy miners. So also progressive explosives are used for charging guns which throw 
projectiles. 

According as the gasification takes place more or less instantaneously (the one or the 
other effect may be obtained with the same substance by adding inert materials to, say, 
dynamite, or mixing paraffin wax with guncotton), explosives are more or less shattering. 
Thus, panclastite (N 2 O 4 + CSg) and fulminate of mercury are more shattering than gun- 
cotton, the latter more than dynamite and nitroglycerine, and this more than smokeless 
powder, which is a progressive explosive. 

Many substances explode only with detonators (of fulminate of mercury) and the 
cause of the explosion in such cases is not only the high temperature produced by the 
explosion of the detonator, but more especially the great immediate pressure resulting 
from the instantaneous production of gas, this pressure and the sudden shock provoking 
the decomposition of the molecules of the explosive (Berthelot, Abel, Vieille). The 
duration of explosion or of gasification of the detonator is 500 times less than that of the 
explosive material, and the greater relative amount of heat developed in a certain time by 
detonators explains their greater shattering power compared with that of progressive 
explosives. The duration of reaction for detonators is only about joi) 0 ^ second, the 
extraordinary effect of these explosives being due to the enormous amount of energy 
developed (1600 Cals, for nitroglycerine) in this short time and in the small space containing 
them,^ 

As has been already stated, the shattering effect of a substance is rendered evident by 
exploding a few grams of it on a cylinder of metal [crusher) and the actions of different 
explosives are compared by means of these deformed and disfigured crushers. Fig. 183 B 
shows a leaden cylinder before the explosion, whilst A shows the same cylinder after 10 
gi’ams of d 3 niamite (a progressive explosive) has been exploded on it and C the result 
of the explosion of 10 grams of panclastite (from nitrotoluene). 

One and the same explosive substance may he made to give either a shattering or a 

^ The velocity of combustion (or of deflagration) is sharply distinguished from the velocity of 
the explosive reaction and is made use of in certain cases, e. g., in the throwing of projectiles 
(expansive and progressive action). The velocity of combustion of explosives depends on, and 
increases with increase of, the pressure at which they decompose. Another factor influencing 
the mode of combustion of explosives is the maximum velocity with which the pressure develops. 

The exponent of the power of the pressure, which admits of passing from one value to the other 
in the increase of the pressure, is called the modulus of progressivity, and serves to characterise 
the various explosives. Thus, this modulus varies from 1*25 to 1*50 for black powders and from 
1*86 to 1-87 for smokeless powders, whilst that of picric acid is 2-82 and that of Favier’s explosive 
(12 per cent, of dinitronaphthalene -f 88 per cent, of ammonium nitrate) 3-25. As will hence 
bo seen, these last two explosives have the dangerous property of furnishing accidental super- 
pressures, owing to undulatory phenomena which always accompany the combustion of sub- 
stances inflammable with difficulty^ hi smokeless powders, the moderate progressivity com- 
pared with the great powder constitutes a valuable safeguard in their use in firearms ; in this 
they are surpassed only by black powdem, which are, however, much less powerful. 
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progressive effect by varying the velocity of the reaction, this usually depending on the 
power of the initial shock which causes the explosion and on the physical condition of the 
explosive. The greater the density of the latter the less shattering it is ; thus gelatinised 
guncotton is less shattering than the compressed cotton and this less so than the powdered 
cotton (see preceding 'page). 

The more powerful the initial shock the greater is the amount of kinetic energy trans- 
formed into heat and hence the higher the temperature developed; therefore, also, the 
greater is the pressure of the resultant gases and the more rapid and powerful the effect 
of the explosive. The effects vary considerably with the manner in which the explosion 
is induced ; thus, if a flame is brought near to non-compressed guncotton, the latter burns 
rapidly but does not explode, whilst if it is compressed and subjected to the action of a cap 
(detonator) of fulminate of mercury, a real and very powerful explosion occurs; similar 
phenomena are observed with nitroglycerine and dynamite.^ 

DETERMINATION OF THE EXPLOSION. In order to induce the explosive reaction 
of a substance, it is sufficient to bring it at a single point to a certain initial decomposition 
iemperature (by percussion, detonation, etc.), the sharp decomposition at this point then 
producing a new shock which heats the neighbouring points to the decomposition tempera- 
ture, and so on, the explosion being thus communicated to the whole mass by a true 
explosive wave, which is enormously more rapid than simple burning. From this will 
be understood the great importance of detonators, which do not serve merely for ignition ; 



the difference will also be 
apparent between an ordinary 
explosion by ignition and per- 
cussion and that induced by 
fulminate of mercury deton- 
ators. 

When the phenomenon of 
explosion is studied more 
closely, it becomes evident 
that the gases produced at the 


Fig. 183. 


point of ignition tend to expand 


and hence to diminish the 
pressme at that point and also the rapidity of explosion, but if this initial expansion is 
impeded the pressure and hence the velocity of decomposition increase rapidly. In 
practice miners obtain this effect by filling the cavity containing the explosive with a 
iampvng of earth or stone. The same end may also be attained by increasing considerably 
the mass of the explosive and the surface of ignition, and this explains why certain sub- 
stances burn, without exploding, in small quantities (guncotton, nitroglycerine, etc.), or 
w en 0 Ignition is confined to a limited area, whilst a powerful explosion may occur 
wJien a large quantity of explosive is used or when it is surrounded by a source of 


‘ The fenussive force (kinetic energy) of an explosive serves best to estabbsb the skiliering 
m-er and is calculated by C. E, Biohel by means of the formula where m denotes the mass 
m the explosion, or the weight of the explosive divided by 9-81 and r is the 

9-81 X 2 2=021,916 tilogram-motre-seconds; for ilach powder (with a charging 

density 1-04) exploded under the same conditions in a closed vessel with a detonating cap, the 
velocity of detonation is 300 metres per second, so that = 4387 kilogram -metre- 

(63-5 per cent nitroXo^ne r 5 * ^ gelatine-dynamiie 

cent, wood meal), mti a charring deSitv of w’the ® 

percussive force 2 4^7 4.H9‘ •Foi' velocity of detonation is 7000 and the 
7618, and tLpemussi%te?2 a, charring dendty of 1-55, the velocity was 

of 6383, the percussive feme Si 076 ®^ a of 1-25, had a velooi 
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For scattering explosives (e. g., fulminate of mercury) no tamping is used, since the 
reaction is so rapid that the atmospheric pressure, that is, the air itself with its inertia, 
is sufficient to maintain the pressure of the gases. Even fulminate of mercury, if ignition 
is ejected by an electric contact (which heats a platinum wire to redness) and under an 
evacuated bell-jar, burns without exploding, thus confirming the tamping action of the 
air in the case of detonators and even of ordinary explosives ; in fact, if a roll of dynamite 
is exploded on a bridge, the latter is cut in two owing to the tamping action of the air. 

The explosive wave produced in the explosion of gaseous mixtures and of liquids and 
solids is only slightly related to waves of sound. The latter is transmitted from crest to 
crest with but little kinetic energy, with a small excess of pressure and with a velocity 
depending only on the nature of the medium in which it is propagated and of equal magni- 
tude for vibrations of all kinds, the intensity diminishing in proportion to the square of 
the distance from the origin. The intensity of the explosive wave, on the contrary, remains 
constant, as it propagates the chemical transformation through the mass of the explosive 
substance, communicating from point to point of the decomposing system an enormous 
amount of potential energy and a great excess of pressure. The sound-wave is propagated 
in a mixture of hydrogen and oxygen with a velocity of 514 metres per second at 0°, but 
the velocity of the explosive wave or chemical wave in the same mixture (exploded at a 
point) is 2841 metres. 

The velocity of propagation of the explosive wave depends on the chemical nature of 
the explosive, on the volume it occupies (hence on the density), and on the reaction of 
decomposition; the last determines the intensity of the wave and depends on the initial 
shock. Consequently different effects may be obtained from one and the same explosive 
by varying the cap (or detonator : see later), and if the latter is weak or insufficient the 
explbsion is only partial or amounts to a simple deflagration, thus causing loss. 

With guncotton, the velocity of this wave varies from 3800 to 5400 metres per second 
according to the compression or density; with nitroglycerine it is 1300, with dynamite 
2700 to 3600, with explosive gelatines as much as 7700, with picric acid 6500 to 8000, 
with nitromannitol 7700, and with trinitrotoluene 7200 metres per second. This velocity 
depends only on the nature of the explosive and not on the pressure, but it varies to some 
extent with the nature of the envelope. For instance, in a rubber tube having a thickness 
of 3*6 mm. and an internal diameter of 5 mm. and covered with cloth, ethyl nitrate gives 
a velocity of 1616 metres, whilst in glass tubes of various diameters and thicknesses the 
value is 1890 to 2480 metres. The propagation of the explosive wave bears no relation to 
that of ordinary combustion (which is much slower). The former occurs when the inflamed 
gaseous molecules acquire the maximum velocity or energy of translation, L e., act with 
the whole of the heat developed in the chemical reaction. 

Explosion by Influence. If dynamite cartridges are arranged in a long row on a flat 
solid at distances of 30 cm. or on a metal disc at a distance of 70 cm., explosion of the first 
with a fulminate cap results in the rapid and successive explosion of the remaining ones 
simply by influence and without the need of detonators or fuses. Air does not conduct 
the wave of explosive influence as well as solids, and if the cartridges are suspended in the 
air by wires such explosion by influence does not occur. Water conducts the explosive 
wave to a certain distance, but the influence gradually diminishes with increasing distance 
from the centre of explosion. There have been cases in which the shock of a large charge of 
guncotton has exploded neighbouring torpedoes; to avoid these inconveniences, so-called 
safety explosives are now used (see later), or the explosives are rendered less sensitive by 
gelatinising them or by mixing them with various substances, such as camphor, paraffin 
wax, etc. 

These explosive waves are first propagated through the explosive itself, not by a single 
shock—which would gradually weaken as it advanced— but by a very rapid series of such 
shocks produced by the propagation of the explosion from point to point of the whole mass 
of the explosive, the kinetic energy being thus regenerated along the whole course of the 
wave in the exploding substance. 

An explosive wave is thus distinguished from an ordinary sound-wave by the fact 
that the latter becomes enfeebled as it advances, whilst the former is characterised by the 
uniformity of the energy transmitted from point to point by a series of numerous and 
successive explosions throughout the exploding mass. Only the last of these explosions 
is transmitted with its energy to the surrounding air and to the matter on which the 
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explosive rests, and, since it is no longer reinforced (by other shocks), it weakens as it 
becomes more remote. Hence explosion by influence is not due to the fact that the distant 
explosive transmits or propagates the explosive wave through its own mass, but is owing to 
the arrest and transformation, at the point of impact, of the mechanical energy— it being 
capable of similar (but not of all) waves—into heat energy, able to cause decomposition 
and explosion of the substance itself. For a long time it was thought that nitrogen iodide 
could be exploded by the simple note la struck by a musical instrument ; this idea is now 
contested, but it is certain that some substances, on exploding, cause only the note la of 
the scale to vibrate. 

The cjfects of large charges of dynamite (25 to 1000 kilos) when freely exploded are 
dangerous to buildings and to life for a distance of 500 metres and are felt as far away as 
3 kilometres (L, Thomas, 1904). 

Certain explosives decompose gradually under the action of ultra-violet rays. 

CLASSIFICATION OF EXPLOSIVES. Explosives are to-day so numerous and are 
prepared from such different mixtures and serve such a variety of purposes that a rigorous 
or rational classification is difficult or impossible. Also with a large number of classes 
there would be many substances which might belong to more than one of them. 

It will hence be preferable to limit ourselves to a description of the various explosives 
without any prearranged classification. Thej^ will be taken in the following order : (1) 
Black powder ; (2) Nitroglycerines and dynamites; (3) Nitrocellulose; (4) Smokeless or 
progressive powders; (5) Shattering explosives {aromatic nitro-derivatives and picrates) ; 
(6) ^Explosives of the Sprengel type; (7) Chlorate and perchlorate powders; (8) Safety 
explosives; (9) Detonating explosives and caps ; (10) Various explosives. 


BLACK POWDER (GUNPOWDER) 

This explosive, which was the first to be employed in firearms, and was the only one 
available for military and industrial purposes until after the middle of the nineteenth 
century,^ has latterly become relatively unimportant owing to the discovery of dynamite 
and smokeless powders. 

Ordinary black powder is a mixture of potassium nitrate, sulphur, and carbon in vary- 
ing proportions according to the purpose for wffiich it is required.^ 

For black military powders, used in guns and cannon in Italy, France, England, Russia, 

^ It is stated, but without any real confirmation, that the Chinese know of gunpowder as 
early as the first century of the Christian era, and that they used it for throwing projectiles ; 
more certain is it that they employed mixtures of sulphur, nitre, and carbon to make rockets. 

x41so the ancient Indians used powders for the preparation of a kind of artificial fire. Grech 
■fire, used in Greece in the seventh century, was obtained with explosive powder and probably 
originated in China. The Arabs were acquainted with inflammable mixtures from very remote 
times, whilst true gunpowder, containing sulphur, carbon, and nitre, was prepared by them only 
in the thirteenth century, probably after they had learnt the manufacture from the Chinese. 
They, however, studied its propulsive properties and constructed the first primitive guns. 

in Germany it is stated that it was the monk Berthold Sch'warz (a native of Freiburg, whore 
a monument is now erected to him) -who recognised the power of gunpowder in about iSlO and 
used it for the first time in Europe in firearms ; so that the discovery, not of the powder, but 
of guns for throwing projectiles, is due to Schwarz. After the middle of the fourteenth century, 
gunpowder came into use in Germany, then in Sweden, Russia, and elsewhere for guns and 
cannons. Macchiavelli records that by 1386 the Genoese and Venetians had learnt from the 
Germans the use of powder with guns. According to Libri, cannons were made at Florence as 
early as 1326. The projectiles were made first of stone, then of stone covered with iron ; leaden 
shot began to be used in 1347, and in 1388 Ulrich Beham cast the first iron shot, which became 
general in the fifteenth century. The mixing of the ingredients to make the powder was first 
carried out by hand, and it was only in 1525, in France, that powders were graded and granu- 
lated, the mixing being effected in vertical mills like those used for e^ressing oil from olives. 

^ After a series of experiments in Brussels in 1560, the best proportions for the ingredients 
W’ere found to be : nitre, 75 per cent.; carbon, 15-62 per cent.; and sulphur, 9-38 per cent. 
A thirteenth- century manuscript states that the Arabs used 74 per cent, nitre, 15 per cent, carbon, 
and 11 per cent, sulphur. A black powder dating from 1627 and discovered in 1905 during 
excavation, contained 40 per cent, nitre, 24 per cent, sulphur, and 37 per cent, carbon. In 
1800 Berthollet recommended as the most effective proportions ; 80 per cent, of nitre, 15 per cent, 
of carbon, and 5 per cent, of sulphur. Berthelot has recently calculated the theoretically best 
proportions to give a maximum development of heat, his results being : 84 per cent, nitre -|- 8 per 
cent, sulphur -f- 8 per cent, carbon ; this calculation assumes that the reagents are chemically 
pure, which in practice is not the case, and that the fineness and mixing of the ingredients are 
perfect. 
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China, and the United States, the maximum power is obtained without an excessire rapidity 
of explosion (so as not to injure the gun too much) with 75 per cent, of potassium nitrate, 
15 per cent, of carbon, and 10 per cent, of sulphur, the density being increased by compress- 
ing and polishing the grains; in Germany the proportions used are 74, 16, and 10 
respectively. In China until a few years ago erroneous proportions were still employed, 
namely, 61*5, 23, and 15-5. 

The chemical reactions occurring during the explosion of black powder vary according 
as the explosion takes place under pressure or at the ordinary pressure (deflagration). 
In the first case, Abel and Nobel obtained, from 1 gram, of ordinary powder, O’oSo gram 
of solid products, and 0-415 gram of gas (258 c.c.), according to the following equation : 
I6KNO3 -{- 21C -f- 7S = ISCOg -j- SCO -f dKgCOg -f- K2®^4 addition 

there are formed traces of potassium thiocyanate and thiosulphate, and ammonium 
carbonate, whilst traces of sulphur and nitre remain unchanged, as the proportions taking 
part in the above reaction are 77*7 nitre, 10-54 sulphur, and 11-86 carbon. With 1 gram 
of powder exploded at the ordinary pressure, they obtained 0-769 gram of the same solid 
products, and 0-321 gram of gaseous products (about 193 c.c.), thus : 

I6KNO3 + 13C +6S = IICO2 -I- d- 5K2SO4 -f KgS -h 16N; 

traces of other products are also formed, since this equation represents 82-4 per cent, nitre, 
9-5 sulphur, and 8 carbon. 

Sporting powder should burn more rapidly, and hence contains more nitre and a biowm 
wood-charcoal of superior quality. In different countries the nitre varies from 75 to 78 
per cent., the carbon from 12 to 15 per cent., and the sulphur from 9 to 12 per cent. Now’a- 
days, however, most sporting powders are of the smokeless type with a nitrocellulose basis. ^ 
With mining powders the production of a large quantity of gas is required, so that the 
amounts of sulphur (13 to 18 per cent.) and of carbon (14 to 21 per cent.) are increased, 
the nitre being consequently diminished (60 to 72 per cent.) ; if, however, the proportion 
of nitre is made too small, the explosion becomes very slow, more CO is produced, and 
the gases are partly able to escape through the fissures produced before the end of the 
explosion, the useful effect being thus diminished. Hard rocks reqifire increased rapidity 
of explosion, but with tufa or granite (to obtain large blocks) greater slowness of explosion 
is necessary. 

In many countries, especially in the United States, large quantities of black mine 
powder with a basis of sodium nitrate are made for prompt consumption. Such powders 
were first patented in 1857 by the Frenchman Du Pont de Nemours (now proprietor in 
America of the largest explosives works in the world ; during the European War 400 tons 
of nitrocellulose per day, besides enormous quantities of other military explosives, such 
as trinitrotoluene, picric acid, powder B, cordite, etc., were made at this factory); in 
1910 this firm produced 45,000 tons of black sodium nitrate powder (74 per cent, nitrate, 
10 per cent, sulphur, 16 per cent, wood charcoal), which is marketed in zinc cases to protect 
it from moisture. It is a more progressive powder than the ordinary one containing 
potassium nitrate. 

MANUFACTURE OF POWDER. The prime materials should be prepared with 
great care. The sulphur should contain no trace of sulphuric acid, so that stick sulphur 
and not flowers of sulphur is used ; if necessary, it is purified by distillation, and should 
yield less than 0*25 per cent, of residue on combustion. At the present time, use is also 
made of the sulphur recovered from soda residues [see Yol. I., pp. 206 and 596). The 
potassium nitrate is somet 'mes replaced by sodium nitrate, but the latter is more hygroscopic 
and impure. The nitre should contain less than 1 part of chlorides per 3000, and should 

^ Smokeless sporting powders are of two kinds : lights with granules gelatinised superficially, 
and condensed, which have completely gelatinised granules and are prepared like ordinary smoke- 
less powders (see later, pp. 295, 296 ), being often scrap from these cut to various sizes. The 
former or light powder is made by mixing the different components and coarsely granulating 
the moistened (with water or solvent or liquid ingredient) mass through sieves ; these granules 
are rounded by subjecting them to a rotary and oscillatory movement on circular cloths moved 
horizontally by eccentrics, then partially drying at 50*^ to 60*^ and afterwards treating in revolving 
drums. The grains are finally gelatinised superficially by spraying with a solvent (e. g., acetone, 
which gelatinises nitrocellulose^ this being one of the usual components) and at the same time 
keeping it in motion in a vessel with a double bottom, through the jacket of w'hich^ water at 
50° to 60° circulates. The powder is then dried completely in a current of warm air (at 40° 
to 50°). 
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be free from perchlorates.^ Both English nitre from India and German conversion nitre 
are used, after suitable purification. 

The wood charcoal should be highly porous and should burn easily without leaving an 
appreciable quantity of ash ; ^ in different countries, different kinds of wood are used : 
in Spain, flax and vine stalks ; in Germany, dogwood, the alder, and the willow ; in France, 
the poplar, lime, etc. ; and in Italy, hemp stalks, etc. In some cases, charcoal from sugar, 
dextrin, maize, cork, etc., is used. Charcoal obtained at temperatures exceeding 430"" is 
of no use for gunpowder. 

PULVERISATION AND MIXING OF THE INGREDIENTS. In early times the 
ingredients were ground and mixed by hand in mortars, but machine mills were used as 

1 For many years the superiority of English powders could not be explained, and it was 
attributed to the use of Indian nitre, refined in England, whilst all over Europe, conversion nitre, 
prepared in Germany, Tvas employed. On the other hand, the Germans showed that their nitre 
was very pure, as it contained only 0*5 per cent, of chlorides, and they regarded the preference 
for English powder as the result of prejudice. In 1894, however, the elder Hellich showed that 
the conversion nitre contained also perchlorate and chlorate which were not shown in the estima- 
tion of the chlorides. Spontaneous explosions of powder in Servia in 1896 were ascribed by 
Panaotovie to the use of nitre containing perchlorates. In 1897, Kelbetz showed that the 
perchlorate is not distributed homogeneously through the crystals of nitre, but that sorne of the 
latter contain more (and are more explosive) and others less ; hence the superiority and uniformity 
of powders free from perchlorate were explained. The perchlorate in nitre is estimated by 
Selckmann’s method (1898) by fusing 5 grams of the nitre with 20 grams of pure lead in scales ; 
the fusion is first gentle for 15 minutes until the mass becomes pasty, after which the ternperature 
is raised for a short time. The mixture of potassium nitrite, load oxide, and chlorides is poured 
into water and the chlorides estimated, the excess over the amount originally present being due 
to the chlorides. 

^ Under similar conditions, the readiness with which powder bums is increased by increased 
combustibility of the charcoal. Hence it is necessary not only to use a suitable method of pre- 
paring the charcoal, but also to make careful choice of the wood to be carbonised. Light, soft 
wood is preferred, and of the different parts of the plant the best are branches at least three 
years old (5 to 8 cm. in diameter) ; the bark is rejected. For powders to be used in guns, hazel 
or dogwood {Rhamnus frangula) or hemp stalks are used, whilst for cannon and mining powders, 
preference is given to white willow {Salix alba), alder, poplar, etc. Hemp-stalk charcoal bums 
the best, and about 40 parts of it are obtained from 100 of the stalks ; hazel-wood gives only 
33 per cent, of charcoal. The wood, freed from bark and well dried in the air for two or three 
years, still contains about 20 per cent, of moisture. When heated out of contact with the air, 
it evolves combustible gases, but the greater part of the wood blackens without burning and forms 
charcoal. It is of importance to determine the best conditions for carbonisation. When the 
temperature is not very high (280° to 340°), a fight, reddish, readily combustible charcoal is 
obtained, whilst at higher temperatures a black, denser charcoal is obtained which bums slowly 
and badly, although it is a better conductor of heat and electricity. 

Rapid carbonisation gives a diminished yield, but the charcoal is lighter and more friable. 
The charcoal is ground just before using, as in the powdered state it is much more hygroscopic 
and may also inflame spontaneously. 

Charcoal prepared at 270° is partially soluble in caustic soda solution, whilst it is insoluble 
if prepared at above 330°. 

Carbonisation of wood in heaps or pits is no longer employed, since the resulting charcoal is 
impure and non-uniform, owing to the impossibihty of regulating the temperature. So that at 
the present time powder factories always resort to charring by distillation, or charring in fixed 
or movable cylinders, as proposed by the English bishop, Landloff, at the end of the eighteenth 
century. The distillation may be carried out in fixed horizontd cylinders (two to each furnace), 
1*5 metre long and 0’65 metre in diameter, but with this arrangement discharging is difficult 
and sometimes the heated charcoal ignites. It is better to use fixed vertical cylinders with 
openings at the bottom for emptying, or movable vertical cylinders, which can be rotated from 
time to time during the heating. In every cylinder, a space is left for the introduction of a pyro- 
meter to indicate the temperature of the wood. The furnace is first heated gently, and after 
three hours yellowish fumes, composed of water, acetic acid, methyl alcohol, etc., begin to distil. 
After this, the distillation continues without further heating of the cylinder. The gases are led 
by pipes under the hearth, where they bum at first with a bright red flame and towards the 
end of the distillation with a bluish red flame. When the distillation is finished, the cover of 
the cylinder is raised and the charcoal discharged into suitable movable drums, which are 
immediately closed to exclude the air. Into the cylinder, while still hot, another charge of 
wood is at once introduced. Each charring lasts at least ten hours. In three or four days the 
charcoal is cold and is then removed lump by lump from the cooling drums, any that is in- 
sufficiently burnt being rejected. The colour of the charcoal is coffee-black, the fracture being 
velvety and of the same colour. 

^ An improved process of distilling wood by means of superheated steam, proposed by Violette 
in 1847 and improved by Gossart in 1855, was abandoned on account of its excessive cost. 

tA' 1^ Germany suggested the replacement of the .superheated steam by hot 

carbon dioxide in order to obtain a rapid charring; after the operation, the mass may be quickly 
cooled by a current of cold carbon dioxide. 
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early as 1350. In the seventeenth century, the use of wooden stamps became widespread, 
but these were the cause of many explosions, so that the vertical mills again came into 
use, the powder being kept moistened with water during grinding. After 1754 ordinary 
roll mills were used. At the present time the ingredients are powdered separately, then 
partial mixtures of sulphur and charcoal, and charcoal and nitre, are made, these being 
finally united and intimately mixed. The finer the materials are powdered the better 
will be the resulting powder. 

The charcoal and the sulphur may be powdered in the Excelsior mill {see p. 201, Figs. 
164, 165), the product then being sieved and the coarse particles reground. The nitre 
is received from the refiner in the form of flour and only requires sieving. 

The hiniary mixtures are prepared by placing the powdered substances in special iron 
drums (Fig. 184), 1-1 to 1-2 metres in diameter, and 0*6 to 1-2 metres long. On the inner 
periphery of the drum are 12 to 16 transverse ribs, 3 to 4 cm. thick. Hard phosphor- 
bronzp balls, 15 to 20 mm. in diameter, are introduced with the two substances through 
the aperture a, which corresponds with the hinged cover 6, fixed on the cylindrical wooden 
casing surrounding the drum. This w^ooden casing is connected with a leather or cloth 



bag, c, by which the mixture is finally discharged into the barrels, d, these being closed 
hermetically so as to prevent contact with the air, which might cause ignition {see Vol. L, 
Pyrophoric Substances). 

The drum is rotated about 15 to 20 times per minute for eight to ten hours, 100 to 150 
kilos of the bronze balls being used per 200 kilos of the mixed substances ; the balls are 
given a bumping motion by the peripheral ribs and so increase the fineness of the powder. 
When the aperture, a, furnished with a coarse net, is opened at the end, the powder is 
discharged and the balls retained for a subsequent operation {see also the figures of ball 
mills, Vol. I., pp. 651, 652). 

The ternary mixture is prepared by mixing either binary mixture with the third con- 
stituent or the two binary mixtures (carbon -f sulphur, and carbon -f nitre) in the required 
proportions in a rotating cylinder provided with stirrers, or, better, in a drum similar to 
that just described. After this the mass is moistened with water and mixed, and then 
introduced into a stamp mill (like that shown in Vol. I., p. 653), where it is kept moistened 
(with about 10 per cent, of moisture) without caking. The stamps make 30 to 60 blows 
per minute, and their action is continued for at least twelve hours for cannon powder, eight 
hours for mining powder, and twenty-four hours for sporting powder. The cakes thus 
obtained then pass to the granulating machine. 

In many factories, however, the use of stamps has been abandoned, these being replaced 
by .vertical iron runners (Fig. 185) about 1-6 metres in diameter and 40 cm. thick, and weigh- 
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ing about 5000 kilos each. They rotate on a very bard iron plate 2 metres in diameter. 
The two runners are placed at different distances from the central shaft, which is actuated 
by bevel wheels above (as in the figure) or below ; suitable scrapers detach the powder 
sticking to the runners, and others bring the powder from the edge to the centre and so 
under the runners. The incorporation is continued for three hours in the case of military 
powder and for five hours with sporting powder, the velocity of the runners being 10 to 12 
revolutions per minute at first and only 1 revolution in 20 minutes towards the end of the 
operation, so that highly compressed cakes may be obtained. 
About every hour the mass is moistened with 1 to 1*5 litres 
of water for a charge of 20 kilos, the amount of water used 
depending on the hygrometric state and temperature of the 
air. The water dissolves the nitre, which is thus distributed 
uniformly and in a finely divided state throughout the whole 
mass. 

In some factories, compression of the moistened ternary 
mixture is effected by means of hydraulic 'presses (Fig. 186) 
between a number of separate layers of copper or ebonite, a 
pressure of 100 atmos. being applied for three-quarters of an 
hour. This procedure yields very compact cakes, having the 
density 1-7 to 1*8. 

It was formerly the custom in France, and is still in 
Germany, to use roller-presses (lammoirs) (Fig. 187) formed 
of three superposed rolls ; the lowest one, G, of cast-iron, is 
driven directly and transmits the movement to the middle 
one, B, which is coated with paper; this then drives the 
uppermost one, A, of chilled cast-iron. The endless band, 2), 
collects the mixture falling from the hopper, B, and carries it 
between B and A, between which a pressure of 15 to 25 tons 
can easily be obtained by means of the lever, Z, and 
weights, P. A knife is arranged so as to scrape- the com- 
pressed powder from the band. 

As a rule, moist compression gives a more uniform and also a denser mass. 

After compression the cakes still contain 5 to 8 per cent, of moisture., they are 
allowed to stand for seven to eight days in well- ventilated magazines. After this, those from 
the hydraulic presses or roller-presses are first partly dried (see later) and then granulated, 
whilst those from the stamps or incorporating mills, being less moist, are granulated directly. 

GRANULATION. This operation serves the purpose of preventing the separation of 
the constituents, and of rendering the 
powder less hygroscopic and less com- 
pact (but not less dense), since the 
combustion of the granules is more 
rapid than that of the fine compact 
powder; also, the finer the granula- 
tion the more rapid is the combustion 
and the greater the mechanical effect. 

The finest grains are used for sporting 
powders, then come those for military 
rifles, the coarsest grains being for 
cannon. If sporting powder were used 
for military rifles, the barrel would 
wear out rapidly and might even Fig. 187. 

split. 

It was only after 1445 that powder for artillery was granulated, it being found that 
the effect was greater than that of the non-granulated and non-compressed powder. Com- 
pression with stamps or rolls came into general use in France after 1525, the compressed 
mass being then broken up with wooden hammers and granulated; for this purpose, the 
mass was spread out on a large sieve and covered with a heavy disp of wood, the sieve being 
then rotated and oscillated until all the powder passed through it in grains. 

Later the Zefevre graining machine was devised, and this is still in use in France and 




Fig. 186. 
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Germany ; this machine grades the grains into different sizes and also eliminates all dust, 
powders showing more regular and rapid combustion being thus obtained. 

This machine (Figs. 188 and 189) is analogous to the plane-sifter used for flour. It 
consists of an octagonal board with sides, a, having a diameter of 2*5 metres and suspended 
from the ceiling by 8 ropes, 6. This receives a circular motion by means of an eccentric 
formed of a vertical shaft, c, with an elbow- joint. This shaft is rotated at the rate of 75 
revolutions per minute by the cog-wheels, B. On the board are fixed 8 or 10 triple sieves, 
S, to which the powder to be granulated is supplied by leather or cloth tubes, e. The 

powder falls on to the first wooden 
sieve, with a mesh of 3 to 4 mm., 
ihe coarse lumps being gradually 
broken by a disc of wood, c, weighing 
700 grams. The grains then pass on 
to a second sieve, B, of metal, 3 to 
4 cm. below, and then to the lowest 


liiG. 188. Fig. 189. 

one, G, which is of hair and retains the grains of the required size, whilst the dust falls into 
D and thence thi-ough the leather pipe, p, into the barrel, the uniformly grained powder 
is discharged into q through /. 

More common at the present time is the gi'anulating machine with fluted rolls, first 
suggested in 1819 by the Englishman, Colonel Congreve, and subsequently improved in 
various ways. This machine (Fig. 190) consists of several pairs of bronze rolls, A, B, C, 
fluted longitudinally and transversely. The lumps of pow'der from the breaker, i), are 
raised to E by an endless band, and fall on to the first rolls, ^4, furnished with small pyra- 
midal teeth projecting 10 mm., 
then on to the second rolls, B, 
with finer teeth (3 mm.), and 
finally on to the smooth rolls, C, 
which give the powder the ap- 
pearance of shining scales. This 
distance between the rolls is 
adjustable, and the teeth are kept 
clean by means of a brush. The 
granulated powder falls on to a 
series of superposed sieves, S, 
which are oscillated at the rate 
of 150 vibrations per minute, and 
so grade the powder, the final dust Fig. 190. 

being discharged at m. Blasting 

powder, which has the size of peas, is not passed through the smooth rolls. By varying 
the mesh of the sieves, grains of any desired magnitude are obtainable. Congreve’s 
granulating machine gives a jneld four or five times as great as that of Lefevre (for the 
same consumption of power) and also forms less dust. 

DRYING. The granulated powder is sometimes dried by spreading it out in layers 
5 cm. deep on cement floors exposed to the air and sun and mixing it occasionally with 
rakes ; this drying is continued until the moisture is reduced to 3 per cent. 

The dust and residues from all the operations are mixed with the ternary mixture before 
compression. 

Artificial drying, which is independent of climatic conditions, is however, more 
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commonly used. In early times the powder was placed in copper pans heated directly 
oyer the fire, but this led to many explosions ; later it was spread out on cloths in a chamber 
heated by a stove in the centre, but this also was dangerous even when the stove was out- 
side the chamber. Nowadays drying is generally effected by air (used for the first time 
in England in 1780) which is heated by a network of steam-pipes and is injected into a 
drying-room containing the powder spread on cloth in layers 5 to 15 cm. deep, mixing 
with wooden rakes being resorted to about every two homs. The air passes through the 
powder and is carried off by flues ; the drying takes 8 to 10 hours. The fire of the steam- 
boiler is at least 100 metres from the drying-room. 

Dry powder can be powdered between the fingers, giving a pale, grey powder, but if 
not dry it is dark and sticks to the hands. In some factories the air used is previously 
dried (and is employed cold if the nitre present tends to ef&oresce, but hot in other cases) 
by being forced with a fan, A (Fig. 191), through fused, spongy calcium chloride or con- 
centrated sulphuric acid contained in a leaden vessel, D. Thence it passes into the chest, 
U, filled with lumps of quicklime, which holds back any acid carried over. It is then 
heated in the brickwork chamber, B, by a number of pipes, c, supplied with steam at d ; 
the warm, dry air then proceeds through the tube, F, to the drying-rooms. 

The proposal has also been made to dry powder by heating it in a vacuum, but such a 
process is too costly and its efficiency low. Drying need not be complete, since the powder 
has still to be glazed. 

GLAZING. The dried grains are rough, angular, and highly porous. In order to give 
a brighter appearance to the powder and to render it more uniform and dense and less 



Fig. 191. Fig. 192. 


hygroscopic, it is treated in wooden glazing drums {Ckampy drums, similar to those used 
for the binary mixtures ; see above) after having been passed through a fine sieve to free it 
from adherent dust. The inner walls of the drum are first moistened and the drum slowly 
rotated while the powder is being introduced until about 300 kilos are present, the velocity 
being then raised to 12 to 14 revolutions per minute; the finer the granulation the more 
rapid must be the rotation. In this way the powder becomes heated to about 50° and 
assumes a gloss ; care must, however, be taken that it does not become too hot, and towards 
the end of the glazing the rotation must be slackened. A little graphite is sometimes 
added (0-25 per cent. ) to render the powder less hygroscopic and more glossy and to facili- 
tate the rounding process. Glazing takes four to five hours for blasting powders and fifteen 
to twenty hours for sporting powder. 

Glazing is due to the rubbing of the grains one against the other. The powder is 
subsequently dried completely in the usual drying-rooms, or the panels of the drum may 
be opened so as to allow of the escape of the warm, moist air. 

Polishing and sorting are carried out, after the glazing and drying, to remove the last 
traces of dust and separate the different sizes of grains. For these purposes a battery of 
sieves similar to those of the Lefevre and Congreve graining machines is used, the sieving 
being repeated several times! The dust contains about 75 per cent, of carbon. 

PRISMATIC POWDER FOR CANNON. It was shown by San Roberto as early as 
1852 that cannon give better results if charged with compressed cartridges of regular form, 
and the American, General Rodman, proposed in 1860 to make large grains of regular 
shape. The use of such powder was extended in Russia by General Doremus, and also 
in other countries, but was found to give better results for blasting than for military powder. 
In England, Armstrong’s grains, in the form of hazel-nuts, met with great success and are 
still used. In 1879, by means of special hydraulic presses (cam-presses), Wischnegradsky 
prepared the first prismatic powders, six or seven holes being left in each prism (Fig. 192) 
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to diminisli the initial pressure on the cannon and give a more regular combustion. Every 
prism is 25 mm. high and 40 mm. in diameter, and weighs 40 grams ; it has the density 
1-66 and bears the mark C. 66 . It is used for 15 to 26 mm. guns, whilst that for larger 
cannon has the same volume but the sp. gr. 1-75 (marked C. 75 ). The brown prismatic 
powder of Rottweil of Hamburg has the sp. gr. 1*86 (C. 86 ), and is used for large camion, 
since it burns slowly, gives little smoke, keeps well and imparts to the projectile a high 
initial velocity, which increases until the mouth of the cannon is reached ; it is prepared 
with rye-straw charcoal and contains 78 per cent, of nitre, 3 per cent, of sulphur, and 19 
per cent, of brown charcoal. The Italian chocolate powder contains 7 9 per cent, of potassium 
nitrate, 18 per cent, of carbon, and 3 per cent, of sulphur. 

PACKING. Powder is packed in bags containing from 50 kilos, these being placed in 
barrels or cases coated inside with paper and outside with cloth. Each case bears a label 
of a colour indicating the nature of the powder (rifle, cannon, etc.). Sporting powder is 
placed in tin boxes holding 100 , 200 , 600, 1000 , or 2000 grams, these being then arranged 
in cases containing 25 kilos. 

Powder for firing volleys or ball is converted directly into cartridges, which are then 
stored in cases in sawdust, cotton waste, or similar packing. 

CHARACTERS AND PROPERTIES OF BLACK POWDER. It has a 
slate-grey colonrj and, if too black, either it is damp or it contains too much 
charcoal. Certain military powders have a brown colour, as they are prepared 
with reddish-brown charcoal. If rubbed on a sheet of paper it should not leave 
a dirty mark, as, if it does, it contains dust or moisture. YTien a small heap of 
powder is ignited on a sheet of white paper it should burn rapidly without 
leaving a residue or burning the paper ; if very black sjDots remain, there is 
excess of charcoal, or if yellow ones, excess of sulphur. On exposure to the 
air, good powder absorbs only 1*5 to 2 per cent, of moisture, whilst as much as 
14 per cent, may be absorbed by inferior powder. If the moisture -content of 
powder is only 5 per cent, it may be removed without damage to the powder, 
but moister powders cannot be restored to their original strength by drying, 
since the grains become covered with a crust of nitre. The finer the powder 
and the richer in charcoal, the more hygroscopic it is. 

The temperatures of ignition and explosion are the same, and ignition or 
explosion can be produced by red-hot iron or any ignited substance, or with 
less ease by percussion, shock, or discharge. It is more difficult to ignite by 
a blow of iron on copper, or copper on copper, than by one of iron on iron or 
brass, or of brass on brass, etc. Powder ignites more readily by a spark or 
red-hot body than by a gas-flame. Guncotton bums on powder without 
igniting it. Different pow^ders ignite between 270° and 320° according to the 
form of the granulation. 

NITROGLYCERINES AND DYNAMITES 

The name nitroglycerine is given improperly to nitric esters of glycerine, since they do 
not contain true nitro-groups (NOg) united directly with carbon, as is often the case in 
benzene derivatives. On the contrary, the union is effected through an intermediate 
oxygen atom, so thatt these compounds should rather be called glyceryl nitrates. 

Being a trihydric alcohol, glycerine can form three such compounds, the only one known 
until quite recently being trinitroglycerine, containing 18*5 per cent, of nitrogen and having 
very considerable industrial importance. 

In 1903, Mikolajczak prepared also pure DINITROGLYCERINE, C 3 H 5 * 0 H{ 0 N 02 ) 2 , 
containing 15*4 per cent, of nitrogen, and he proposed to use it as an explosive, as it 
possesses almost all the ballistic advantages of trinitroglycerine and is not easily frozen ; 
it is, however, very hygroscopic and readily soluble in water and in acids. In 1904 he 
proposed to add it to trinitroglycerine to render the latter more highly resistant to frost, 
and since then it has been manufactured on an industrial scale at Costrop (Germany). 
As early as 1890 Wohl (Ger. Pat. 58,957) had already described various properties of mono- 
'and di-nitroglycerines,including the power of lowering the freezing-point of trinitro glycerine. 

VOL. n. 18 
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In 1906 Will showed that sometimes the dinitro-componnd raises, instead oi lowering, the 
solidifying point of trinitroglycerine. 

Dinitroglycerine is prepared by nitrating 100 parts of glycerine with 400 parts of nitric- 
sulphuric mixture containing 8 to 12 per cent. HgO, 60 to 70 per cent. HaSO^, and 15 to 
32 per cent. HNOg ; at the end of the reaction, the mass is poured into an equal volume 
of water, and the acid neutralised with calcium carbonate, when the dinitroglycerine 
separates as a dense, floating oil. During the reaction, the temperature is maintained at 
18"^ to 20° by cooling with ice. Dinitroglycerine is also formed on dissolving trinitro- 
glycerine in sulphuric acid and then diluting the solution with a little water. In whatever 
way it is prepared {e.g., by treating 1 part of glycerine with 2 parts of sulphuric acid, 
separating by means of lime the glycerinedisulphuric acid formed and treating this with 
nitric acid, as proposed by Escales and Novak, 1906), a mixture of the two possible iso- 
merides is always obtained: dinitroglycerine K {i.e., ay-), N03-CB[2-CH(0H)-CH2-N03, 
and dinitroglycerine F {i. e., a /8-), N03-CH2CH(N03)*CH2-0H:, which was studied by 
W. Will (1908). The mixture forms an almost colourless or faintly yellow oil, sp. gr. 
147 at 15°, which freezes at below —30° to a glassy mass, this distilling almost undecom- 
posed at 146° under reduced pressure (15 mm. ) ; at 15° it is soluble to the extent of 8 per 
cent, in water and at 50° to the extent of 10 per cent. In dilute sulphuric or nitric acid 
it dissolves in all proportions and by sulphuric acid (up to 70 per cent.) it is transformed 
into mononiiroghjeerine and then into glycerine. It is very hygroscopic and, when dry, 
dissolves or gelatinises nitrocellulose (guncotton or collodion-cotton) very well. The two 
isomerides may be separated by taking advantage of the fact that, in the air, the F com- 
pound absorbs 3 per cent, of water and is transformed into a crystalline hydrate, 
3(C3Hg07N2) + H2O, whilst the other remains liquid. The i’-form gives a nitrobenzoyl- 
derivative melting at 81°, the corresponding compound of the .Z'-isomeride melting at 94°. 
In the dry state, the dinitroglycerines are as useful for explosives as the trinitro-compound, 
but when moist they are much inferior. A mixture of 50 per cent, dinitro- and 50 per cent, 
trinitro -glycerine freezes below —20°. 

Of MONONITROGLYCERINE, ‘ NO3, the pure a- and 0-isomerides are 

known (W. Will, 1908), These are not true explosives and dissolve to the extent of 70 per 
cent, in water. The a-compound melts at 58° and boils at 155° to 160° under 15 mm. 
pressure. 

Nitrochlorhydrin, CgHgCUNOglg, and Tetranitrodiglycerine {see p. 218) have also 
been proposed as non-congealing explosives, but better still for this purpose are the 
nitroacetins (V. Vender) {see later)^ 

^ Dinitromonochlorhydrin is obtained, according to F. Roewer (1906), by nitrating the 
monochlorhydrin in the same maimer as glycerine is nitrated {see later), and is then quickly 
separated from the top of the nitric-sulphuric acid mixture as an oil which is easily rendered 
stable by washing with water and soda. It forms a faintly yellow, mobile oil of aromatic odour, 
sp. gr. 1*541 at 15'^, soluble in alcohol, ether, acetone, or chloroform, but insoluble in water and 
in acids. At 180° it gives yellow vapours, and at 190° boils without detonation or deflagration, 
and with only slight decomposition; under a pressure of 15 mm. it distils unchanged at 121° to 
123° as an almost colourless oil. It is much more stable towards pressure than nitroglycerine, 
although possessing almost the same explosive properties. It does not freeze even at — 30° 
and is not hygroscopic. It dissolves nitrocellulose, forming explosive gelatine, and mixes readily 
with nitroglycerine, giving non-congealing dynamites (with 5 to 20 per cent, of nitrochlorhydrin, 
Ger. Pat. 183,400), these being prepared by nitrating directly a mixture of glycerine and 
chlorhydrin. In order to avoid the inconvenient effects on miners of the hydrochloric acid 
formed in the explosion of nitrochlorhydrin, potassium nitrate is added ; during the explosion 
this is transformed into potassium carbonate, which neutralises the acid. 

Dinitroacetylglycerine, C3Hs(0N02)2(0C0CH3), is obtained by nitrating the monoacetinin 
the same apparatus as is used for nitroglycerine, but using an acid mixture containing a pre- 
ponderance of nitric acid, e. g., 65 per cent. HNO3 and 35 per cent. H2SO4. The dinitroacetyl- 
glycerine, being somewhat soluble in water, is lost to some extent during the washing. It is 
a yellowish oil, sp. gr. 1*45 at 15°, and is soluble in alcohol, acetone, ether, nitroglycerine, or 
nitric acid, and alruost or quite insoluble in water, benzene, or carbon disulphide. It contains 
12*5 per cent, of nitrogen and with double its weight of nitroglycerine gives a mixture with 
16*5 percent, of nitrogen, which has a lower freezing-point (below — 20°) than any other mixtui’e 
of these substances. It serves well for preparing non-congealing dynamites, and as it dissolves 
nitrocellulose easily it may be used for gelatinising smokeless powders. 

Dinitroformylglycerine, C3H5(0N02)2(0 • CHO ), is prepared in a similarmaimer to the pre- 
ceding compound, or, together with nitroglycerine, by nitrating the product obtained by heating 
two parts of glycerine with one part of oxalic acid for twenty hours at 140°. Nitroformin and 
nitroacetin have explosive powers rather inferior to that of nitroglycerine. 
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CHgO • NO2 


TRINITROGLYCERINE, CHO • NOg or C3H5(0 • 

CHgO-NOg 

This was discovered in February 1847 byAscanio Sobrero,! who called it Pyroglycerine 
and established its explosive properties but regarded its industrial manufacture as too 
dangerous. Its chemical composition was determined by Williamson in 1854. At first 
it was used only in small doses as a medicine, owing to its marked power of inducing dilata- 
tion of the blood vessels, and afterwards its 1 per cent, alcoholic solution was administered 
in 1 gram doses under the name glonovn, especially by American doctors, in cases of cardiac 
neuralgia, nervous disorders, hemicrania, hiccough and sea-sickness. Later, after various 
unavailing attempts, Alfred Nobel succeeded in applying it industrially, and in 1863 
established two nitroglycerine factories, one at Stockholm and the other at Lauenburg, 
near Hamburg; the former blew up in 1864, while the ship “European,” carrying nitro- 
glycerine, blew up in Colon harbour, and other explosions occurred in England, at Sydney, 
at San Francisco , etc. In spite of the large consumption of nitroglycerine in many countries, 
these accidents were followed by the almost universal prohibition of its manufacture. 
Fortunately just at this time Nobel discovered a very happy solution of the problem which 
completely eliminated this danger, by mixing the nitroglycerine with inert substances 
{hieselguhr or infusorial earth) and thus obtaining dynamite, this being to-day at the head 
of the great explosives industry. 

PROPERTIES. When pure it is a dense, almost colourless or faintly 
yellow liquid of sp. gr. 1-6 at 15^ 1-604 at IT, 1*588 at 25°, and when it freezes 
its density increases by almost one-tenth. It is odourless and has a sweetish, 
burning taste. It is almost insoluble in w-ater (0*16 to 0*20 per cent, being 
dissolved at 15°), is not hygroscoific, and dissolves easily in concentrated 
alcohol, ether, benzene, chloroform, glacial acetic acid, toluene, nitrobenzene, 
phenol, acetone, olive oil, and concentrated sulphuric acid (sp. gr. 1*845), 
and to a less extent in nitric acid and still less in hydrochloric acid; it is, 
however, insoluble in carbon disulphide, glycerine, petroleum, vaseline, tur- 
pentine, benzine, carbon tetrachloride, and the nitric -sulphuric acid mixture 
used in its manufacture. In solution it vill not explode. It evaporates 
spontaneously and in very small quantities even at 50°, and if gradually heated 
to 109° it begins to decompose with evolution of brovn nitrous vapours. 

Its specific heat is 0*356, and its heat of solidification 23 to 24 Cals. 

At a red heat it evaporates without decomposing, but if it begins to boil 
vigorously during the heating, there is danger of explosion. According to 
Champion, pure nitroglycerine in small quantities boils, giving yellow vapours, 
at 185°, evaporates slowly at 194° and rapidly at 200°, burns quickly at 218° 
and detonates with difficulty at 241°, violently at 257°, feebly at 267°, and 
feebly with flame at 287° (being in the spheroidal state). 

When heated in small quantities in the bunsen flame, it burns without 
exploding, and if spread in a thin layer on paper it ignites with difficulty and 
burns only partially. Explosion of nitroglycerine can be induced either by 
violent percussion at a temperature of 250°, or by energetic detonation (e. g., 
by explosion of fulminate of mercury). 

Nitroglycerine may be easily supercooled below its solidifying point. Kast 
(1905) showed that nitroglycerine represents a case of monotropic allotropy 

1 Ascanio Sobrero was born at Casalmonferrato on October 12, 1812. He studied first 
medicine and then chemistry. In 1840 he went to complete his chemical studies in the laboratory 
of the celebrated Pelouze at Paris, where he stayed two years, and in 1843 he worked in Liebig's 
laboratory at Giessen. In 1845 he became Professor of Applied Chemistry at Turin, where he 
taught until 1883. He died on May 26, 1888, after a modest life, during which he filled various 
honorary social positions. It was always his aim that science should not be made a pretext 
or means of dishonourable undertakings or of business speculations. 
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(see also Vol. I., p. 208), i. e., it has two freezing-points, + 2*1° and 13’5°, 
corresponding with different crystalline forms. ^ 

The heat of transformation of 1 gram of liquid nitroglycerine into the solid 
labile form is 6*2 cals., and that of the latter into the solid stable isomeride 
28 cals., this being obtained by seeding with a crystal of the stable form and 
stirring at 0° (Hibbert and Fuller, 1913). 

When frozen, nitroglycerine explodes with more difficulty than in the 
liquid form. Pure nitroglycerine will not redden blue litmus papsr or turn 
starch paste and potassium iodide blue, unless it contains free acids or nitrous 
compounds due to partial decomposition. 

Impure nitroglycerine readily decomposes and may explode spontaneously, whilst 
in the pure state it keeps indefinitely. A sample of nitroglycerine (200 grams) prepared 
by Sobrero in 1847 is stiU kept under water in the Nobel factory at Avigliana. 

When decomposing, nitroglycerine turns green, owing to the formation of NgO and 
NgOg ; COg, CO, HgO, N, and 0 {see also p. 259 ) are also successively formed. In exploding, 
1 litre of nitroglycerine produces 1298 litres of gas, which, at the temperature of explosion, 
occupies a space of 10,400 litres. 

In large doses nitroglycerine is poisonous and its vapour causes headache (especially 
at the back of the head), giddiness, and vomiting. These effects are produced even by 
working with or simply touching nitroglycerine, and are cured by means of cold compresses 
on the head, hy breathing fresh, pure air, and by drinking coffee and taking suitable doses 
of morphine acetate. 

Workmen who handle the nitroglycerine paste during the manufacture of the various 
dynamites become habituated to it in two or three days and afterwards feel no ill effects. 
Nitroglycerine is moderately easily decomposed by alcoholic potassium hydroxide (with 
separation of glycerin!), and, when necessary, this reaction is employed to destroy and 
render harmless small quantities of nitroglycerine; similarly benches or floors on which 
nitroglycerine is spilt are washed with caustic alkali solutions : 

C3H5(0N02)3 -b 5KOH = KNO 3 -f- 2 KNO 2 -j- CHg • COOK -f H • COOK -f SHgO ; 
a little ammonia is also formed. With reducing agents it gives ammonia and glycerine, 
whilst with concentrated sulphuric acid it yields nitric acid and glycerinesulphuric acid.^ 

^ Both nitroglycerine and also d 3 mamites and smokeless powders prepared from it are liable 
to solidify, and although they are then more stable (or as stable as the liquid, as was shown hy 
Hess, Dupre, Cronquist, Will, etc.) the thawing is accompanied by danger, and when not carried 
out with great precautions has often led to fatal explosions, these being sometimes caused by the 
mere rubbing of the crystals . Indications will be given later of the precautions taken in magazines 
to prevent freezing, and mention may he made here of the attempts which have been made to 
render nitroglycerine non-congealaUe. Ab early as 1895 it was proposed to add nitrobenzene to 
nitroglycerine to lower the freezing-point, and later the use of orthonitrotoluene was suggested, 
but the practical results were not very satisfactory in either case, the depression of the freezing- 
point being very small. Substances were required which were almost as explosive as trinitro- 
glycerine, and were insoluble in water and stable on heating, and, in addition, were good solvents 
for nitrocelluloses (for making smokeless powders). These conditions were well satisfied by the 
nitroformins and nitroacetins tested by Nobel as early as 1875, hut rendered practically useful in 
1906 by y. Vender. The best results are given by dmiromonoaceUn, which is obtained from the 
monoacetin of glycerine prepared by the ordinary method used for esterifying alcohols with 
acids {see later: Esters). Eorty parts of the monoacetin are introduced slowly into a mixture 
of 100_ parts of nitric acid (sp. gr. 1-530) and 25 parts of oleum or Nordhausen sulphuric acid 
(containing 25 per cent, of free SO3), the mass being cooled so that the temperature does not 
exceed 25°. The whole is then poured into water and washed with cold and afterwards with 
hot (70°) dilute soda. By this means an oil is obtained having sp. gr. 1-45 and containing 12-5 
per cent.^ of nitrogen ; it is insoluble in water, carbon disulphide or benzine, but dissolves un- 
changed in nitric acid, nitroglycerine, methyl or ethyl alcohol, acetone, acetins, etc. Even in the 
cold, it has considerable solvent and gelatinising power for collodion-cotton and guncotton 
(with 13*4 per cent, of nitrogen) and the resulting explosive gelatines do not freeze even at — 20°. 
Naukhoff (1908) has proposed the addition of nitromethane or nitroethane to dynamite to lower 
its freezing-point; mono- and di-nitroglycerines also give good results (see pp. 273, 274). In 
1866, Rudberg patented in Sweden the addition of nitrobenzene to obtain non-congealing 
dynamites. In the Arendonck factory (Belgium) Leroux in 1903 successfully used liquid 
dinitrotoluene to render dynamite incongealable ; Mikolajezak in 1904 utilised dinitroglycerine 
for the same purpose.^ The number of accidents has been reduced to one-half in this way. 

^ In certain practical cases the following reactions may he of interest ; Nitroglycerine is not 
altered by prolonged, contact with nitrates of Ca, Co, Na, Ba and K, with chlorides of Ca, Ba 
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Characteristic Reactions. According to Weber, small quantities of nitroglycerine are 
detected by treatment with aniline and concentrated sulphuric acid; a reddish- purple 
coloration is obtained which turns green on addition of water. To establish the purihj 
and keeping qualities of nitroglycerine, the nitrogen is determined and Abel’s heat test 
carried out {see later, Testing of Explosives); if it is satisfactory, 2 c.c. of it withstands 
15 to 25 minutes’ heating at 82° without giving sufficient nitrous vapours to be detectable 
by means of starch and potassium iodide paper. 

This reaction is, however, given by nitroglycerine kept for a few days at a temperature 
exceeding 45°, or for a long time below this temperature. 

PREPARATION. It is obtained by the action of a mixture of nitric and 
sulphuric acids on glycerine : 

C3H5{0H)3 + 3HNO3 = 3H3O + C3H5(N03)3. 

The mono- and dinitro-compounds are probably formed as intermediate 
products of this reaction. 

The presence of sulphuric acid, which plays no apparent part in the change, 
is usually regarded as being necessary to maintain the nitric acid at a high 
concentration, i. e., to decompose the hydrates formed by nitric acid with the 
water from the reaction (HNO 3 , H 2 O — HNO 3 , so regenerate mono- 

hydrated nitric acid, which acts on the glycerine {Kullgren, 1908). If the 
fimction of the sulphuric acid were merely to fix the water, phosphoric acid 
could be used in its place, but if this is done no nitroglycerine is obtained 
{see succeeding Note). 

The excess of the nitric-sulphuric mixture which is always used helps to 
produce a moderately complete separation of the nitroglycerine, which has a 
slightly lower density, so that it is possible to recover the acids employed. 
Although nitroglycerine is soluble in sulphuric or nitric acid alone, it does not 
dissolve in the mixed acids, but if one of the two acids is in large excess, a con- 
siderable amount of nitroglycerine remains in solution and is lost. In the 
nitration, the whole of the glycerine cannot be added at one time, since sufficient 
heat would in that way be developed to produce decomposition and explosion 
of the nitroglycerine instantaneously formed. It is also not convenient to 
reverse the operation, that is, to add the mixed acids gradually to the glycerine, 
the greater density of the latter rendering rapid and homogeneous mixing 
difficult ; it is hence preferable to run the glycerine slowly into the acid mixture 
and to keep the latter continually and thoroughly stirred and cooled. 

MANUFACTURE, The theoretical proportions of the reacting substances ^ would be 
100 parts by weight of glycerine and 20543 of pure nitric acid, the theoretical yield of 
trinitroglycerine being then 246' 74 parts. On a large scale, however, the whole of the 
nitric acid does not come into immediate contact with the whole of the glj'cerine., and it 
is hence better to use a slight excess of nitric acid (240 parts or even more); the amount 

and Ee, with sulphates of K, Na and Ca, or with calcium carbonate. With silver nitrate it gives 
a black precipitate of silver oxide, while with stannous chloride it precipitates tin peroxide and 
forms a mirror at the surface. It reduces potassium dichromate partly to chromate, and gives 
a slight precipitate of copper oxide with copper sulphate and a voluminous precipitate and 
nitrous vapours with ferrous sulphate. Sulphides, including hydrogen sulphide, decompose 
nitroglycerine slowly with separation of sulphur and glycerine. 

^ The prime materials used in the manufacture of trinitroglycerine should be subjected to 
rigorous control; the glycerine should be pure and distilled and should satisfy the requirements 
indicated on p. 222. The nitric acid should have a specific gravity of 1-500 (48° Be. or about 
95 per cent. HNO3) and should not contain more than 1 per cent, of nitrous acid (the final mixture 
less than 0-3 per cent.), i, e., it should not be yellow, as otherwise an increased amount of heat 
is evolved during nitration and the yield is lowered. The sulphuric acid should be pure, with a 
sp gr of 1*8405 {i. e., at least 96 per cent. H2SO4) and acid containing more than 0*1 per cent, 
of arsenic should be avoided ; lead and iron should also be absent as they might lead to reduction. 
When nitrations are carried out with nitric-sulphuric acids almost free from water (1 to 2 per cent. ) . 
the sulphuric acid is replaced by oleumov Nordhausenacid (see Vol. L, p. 317), i. e., acid containing 

20 per cent, or more of chssolved sulphur trioxide. 

Accordint^ to Markovnikov (1899) the sulphuric acid first forms the intermediate product, 
OH • SOg • ONO2, with the nitric acid. 
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of sTilplmrio acid employed always exceeds that of the nitric acid (about times). In 
modern factories the following proportions are often used : 100 kilos of glycerine, 240 to 
270 kilos of nitric acid (96 per cent.), and 330 to 360 kilos of sulphuric acid (96 per cent., 
partly oleum). 

In the best factories the practical yield was formerly 200 to 210 kilos of nitroglycerine 
per 100 of glycerine. In 1900, however, the French works began to make use of highly 
concentrated acid mixtures (the 5 to 6 per cent, of water being diminished to 2 to 3 per 
cent, by mixing oleum in place of sulphuric acid of 66° Be. with the concentrated nitric 
acid). Later Nathan and Bintoul employed mixtures containing only 1 to 1-5 per cent, 
of water, the yields rising to 225 to 228 per cent. Yields of 232 per cent, were then obtained 
by means of water-free mixtures, from which the nitroglycerine separates better owing to 
its less solubility and to the greater difference in density. The yield may be improved 

still further and the duration of the nitration reduced 
to one-half by cooling the acid mixture during the 
reaction by means of brine from a refrigerating 
machine, the temperature being thus maintained at 
about 10°. 

The highest yields appear to be obtained with a 
mixture containing 46 per cent, of HNO3 and 54 
per cent, of H^SO^ (Hofcoimmer, 1912). 

The low value of the practical compared with 
the theoretical yield (246-7) is due to the fact that 
towards the end of the reaction there is very little 
free nitric acid and the last portions of glycerine 
added are nitrated only with difficulty, and hence 
remain dissolved in the sulphuric acid. 

The mixture of nitric and sulphuric acids, which 
is prepared separately, is made by pouring the 
sulphuric acid slowly into the nitric acid (not vice 
versa) in an iron vessel, the mixture being kept 
weU cooled and stirred. With this procedure there 
is no danger of the acid spurting, and no production 
of nitrous fumes, since the development of heat is 
gradual. This mixture is forced by means of 
elevators [Montejus) or pulso meters working with 
compressed air (Vol. I., p. 302) into tanks which 
feed the leaden apparatus in which the glycerine is 
nitrated. 

During recent years, many vitriol and explosives 
works have made considerable use of Kuhlmann 
emulsors (or Mammoth pumps) for raising concen- 
trated acids, which are rendered lighter by emulsifica- 
tion with air {see ill'iistration, Vol. I., p. 304). 

The leaden nitration apparatus is shown in Fig. 193. It is surrounded by a wooden 
jacket inside which water circulates. Inside the vessel are peripheral leaden coils through 
which large quantities of cold water are continually passed by means of the two tubes D. 
The tubes G lead dry compressed air to the bottom of the liquid, which is thus kept 
thoroughly mixed. The tube F serves as exit for the air, and for any nitrous vapours which 
may be evolved and may be observed through the window, 1 ; these vapours are recovered in 
small condensation towers sprinkled with a little water. The cold acid mixture is first intro- 
duced through the pipe G. The glycerine, at a temperature of 20° to 25° (if colder it would 
be too viscous), is measured in the reservoir, M, and is passed, by means of compressed 
air supplied through 0, slowly into the tube H, and thence into a perforated circular pipe 
at the bottom of the apparatus. Two thermometers, F, show the temperature of the 
reacting mass at any moment. 

The bottom of the apparatus is slightly Inclined and at the lowest part is inserted a 
large stoneware tap, K, with an ebonite screw containing an aperture of at least 5 cm. 
It is convenient to have two of these taps so that, in case of danger, the whole of the mass 
may be rapidly discharged into a vessel of water underneath {drowning of the nitroglycerine). 
In such an apparatus, the same quantity of nitroglycerine is produced each time and the 
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treatment of 100 kilos of glycerine requires less than half an hour.^ In America as much 
as 2000 kilos of glycerine are worked at one time in open vessels provided with stirrers, 
but the risk, in case of explosion, is greatly increased. At the conclusion of the operation 
the nitroglycerine (sp. gr. 1-6) floats on the acids (sp. gr. 1-7) and is separated by means 
of a suitable decanting apparatus (Fig. 194) to the bottom of which the whole mass is 
passed thi-ough the tube K. The 
apparatus consists of a leaden 
tank with its base sloping towards 
the centre and supported by a 
wooden structure ; the cover, 0, is 
raised on wooden joists, B. The 
tube D, with the glass window^ E, 
serves to carry ofl any gas which 
may be evolved; a thermometer 
is inserted into the vessel at t. 

The tube shown at the bottom 
and in the centre of the apparatus 
communicates with two or three 
taps, J?, and is also fitted with a 
window, F. 

After half an hour, the nitro- 
glycerine in this vessel separates 
into a distinct layer, as may be 
seen through I. The surface of 
separation of the two layers 
coincides very nearly with the 
tap J, so that the nitroglycerine 
may be discharged almost completely through the tube J into the lead-lined wooden 
tank, A. 2 The acid that remains is discharged through one of the taps, H, it being noted 

^ Before the reaction is started the acid mixture in the apparatus is cooled to 15® to 18°, 
a stream of air (as dry as possible) being passed through it and cold water being circulated through 
the coils. If brine from an ice machine is used, the temperature may be lowered to 8° to 10°. 

The temperature during the reaction should not exceed 25° to 30° ( 18° to 20° if brine is used), 
and it may be regulated by passing the cooling water more or less rapidly through the coils, 
and, if necessary, through the wooden jacket; increase of the air-current also helps to lower 
the temperature. Rise of temperature and consequent explosion were at one time due principally 
to the use of impure glycerine, but nowadays are generally due to slight escape of water from the 
coils. In order to avoid such danger, the apparatus and coils are tested at least once a day, 
usually in the evening, when the plant is free; water under pressure is forced into the coils and 
jacket and left until the morning, when any leak can be detected. Although the apparatus is 
constructed of very thick plates, the lead corrodes in time; tests made with aluminium apparatus 
(proposed by Guttler) have not been very successful. Some works now employ more solid 
vessels of wrought- or cast-iron, which are more easily cooled. 

Boutmy and Faucher (1872) avoid the dangers of violent reactions by first dissolving, c. ff., 
100 parts of glycerine in 320 of sulphuric acid and then pouring the solution into a mixture of 
280 parts of nitric and 280 of sulphuric acid. After twelve hours the reaction is^ complete, the 
yield being 190 per cent., calculated on the weight of the glycerine taken. This method did 
not give good results in England, but has been applied in France. The procedure is, however, 
irrational, since the operation occupies twelve houm, the duration of the contact of the acid 
with the nitroglycerine and hence the danger period being prolonged. A factory using this 
method did, indeed, blow up and the process was then abandoned. _ 

Kurtz (Ger. Pats. 6208 and 8493) increases the yield and accelerates the reaction by emulsify - 

tliG fflycGrinG with, a^nd. p3;Ssiiig it undGr tliG stcid. mixtiir©, a ixiorc intimatG mixturG being 
thus obtained. R. Evers (Ger. Pat. 183,183, 1902), instead of mixing with a current of air, 
which always carries ofi a little acid, passes the acid mixture and glycerine at the same time 
through a pulveriser into the apparatus. , ^ ^ , 

2 Not infrequently, owing to the formation of a colloidal froth of silicic acid, the nitroglycerine 
separates very slowly from the acids, two or three hours being sometimes required for a good 
semration and the danger of decomposition thus increased. Various investigations have been 
made with a view to discover a means of preventing such slow separation, which is oiten due to 
the use of glycerine of poor quality or of impure acids. Good results have been obtained by the 
addition, before the mass is discharged into the separator, of a small quantity of ®odium fluosi- 
licate, the bubbles of hydrofluosilicic acid thus developed causing rapid separation of the nitro- 
slvcerine. Reese (Brit. Pat. 20,310, 1905) adds at the beginning of the reaction, about 0^02 
per cent, of sodium fluoride, calculated on the weight of the glyceme. According to Ger. Pat. 
249,579 of 1911, 0*02 to 0-05 per cent, of finely powdered talc or kaolin (on the weight oi the 
glycerine) may be added to the acid before the reaction is started. 
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th,roiigli F when a turbid layer appears, as this separates the acid from the nitroglycerine 
and contains various nitro-products and certain impurities.^ 

The tap, is then closed and this liquid is passed through other taps into suitable 
washing and decanting vessels {see later). The nitroglycerine in L is washed with water 
and is then agitated by passing compressed air through the perforated pipe, N, for about 
fifteen minutes ; the nitroglycerine is allowed to settle and the water decanted ofi by means 
of the upper tap, M. The washing with water is repeated two or three times, all the washing 
water being collected in a single tank.^ Finally the nitroglycerine is passed into a similar 


^ The acid separated from the nitroglycerine and containing about 70 to 73 per cent. H 2 SO 4 , 
9 to 10 per cent. HISIO3, 15 to 16 per cent. HgO, and 3 per cent, of dissolved nitroglycerine, is 
collected in leaden tanks in which it remains for one or two days, during which time a small 
quantity (about 0*5 per cent.) of nitroglycerine separates at the surface. The dangers of this 
slow separation are sometimes avoided by neglecting the nitroglycerine which separates after 

four to five hours ; to avoid danger in 
succeeding nitrating operations, a large 
proportion of the nitroglycerine remain- 
ing dissolved is decomposed by adding 
cautiously 4 to 5 per cent, of water, so as 
to raise the temperature to 35° to 40° 
and then again mixing the mass by 
means of air (part of the trinitroglycerine 
is thus transformed into soluble dinitro- 
glycerine). These recovered acids, which 
are utilised again, are first denitrated in 
the apparatus shown in Kg. 195. This 
consists of a tower A, 4 to 5 metres high, 
composed of six or seven rings of volvio 
stone in one piece, fitted by means of 
grooves and luted with powdered asbestos 
and a little sodium silicate. The inner 
and outer diameters are respectively 30 
to 40 cm. and 50 to 65 cm. These rings 
are surrounded by tightly fitting cast- 
iron hoops. The internal space is filled 
with fragments of silica (quartz), glass 
or stoneware, resting on a grid of volvic 
stone or earthenware. The acid to be 
denitrated passes from the tank D down 
the tower as a spray, while a current of 
steam, superheated to about 350° and 
, ,, , , ^xed with a little hot air (at 400°) is 

passed in at the bottom through the cock a. The acid feed is regulated so that sulphuric acid 
at about 150 collects at the base of the tower, while the nitric acid vapour issuing throuc^h the 
tube G has the ternperature 110° to 120°. By introducing this hot mixture into the tower, steam 
IS economised and the mtric acid condensing in the stoneware pipes G is rendered more con- 
centrated (usually 60 to 65 per cent., although with care 86 per cent, may be reached) and if 
sufficient air is used, contains little nitrous acid (3 to 5 per cent.). The gases not condensed in 
the pipes 6 - are completely condensed in the ordinary stoneware towers fed with a little water 

passed from one tower to the other until acid of 

32 to 36 Be is obtained. 



n reaches the bottom of the tower, A, where it collects in the basin 

F, and thence passes through the leaden cooling coil, F. The acid thus obtained is darkened 
by the impurities present and has a density of about 56° to 58° Be; it is usually concentrated 
in the Kessler apparatus or in GaiUard towers (see Vol. I., p. 308). 

During recent years, instead of the sulphuric and nitric acids being recovered and concen- 
trated separately, It has been found preferable to send the acid mixture— after decomposition 
of the (hssolved mtroglycenne (fee a 6 o?;e)-directIy but carefuUy into the vessels (already con- 
taming the sodium mtrate ) in which mtric acid is made. Some prefer to revivifn the acid mixture 
1 * strength by adding the necessary quantities of fuming nitric 

and sulphuric acids, so that it niay be used again for the production of fresh quantities of nitro- 
glycerme,* for this purpose, sulphuric anhydride_or oleum is added slowly to the required amount 
of concentrated nitric acid and the imxture then poured into the weak acid. Forks 
recovering the weak acids (by which the 2*5 per cent, or so of nitroglycerine dissffived irthe 
acid IS recovered) to be employed, a cheap supply of sulphuric anhydride or oleum must be 
available (oleum at less than 40s. per ton). 

operations are coUected in an inclined lead-lined 
ta^ called the labyrmth which is dmded into a number of chambers by vertical leaden walls 
perforated alternately at the top and bottom. The wash-waters enter slowly at one end of the 
tank and traverse a Ions: un-and-dowu Roiirsfi. Dfmrlna.nTT- 


I A T upjjuBiuc cuu Oi me ranxis reacned. The nitroglycerine coUectef 

at the bottom is discharged through suitable taps and added to that in the w£Si|^ap^rate. 
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NATHAN-THOMSON PROCESS 

vat where it is stabilised, i. e., washed alternately with very dilute soda solution and water 
until the wash- water no longer has an acid reaction towards litmus and the nitroglycerine 
has a feeble alkaline reaction 
(0-01 of alkalinity, which 
disappears later). 

In the British Government 
factory at Waltham Abbey, 

Nathan, Thomson, and Rin- 
toul (Brit. Pats. 15,983, 1901 ; 

and 3020, 1903) prepare nitro- j ; p | 'C2Z1 

glycerine in large leaden ‘ • I f i ^ 

vessels {a, Fig. 196) with 
inclined bottoms ; 300 to 500 
kilos of glycerine are allowed to run into an anhydrous acid mixture in the proportion of 
267 kilos of HgSO^ and 243 kilos of HNO3 kilos of glycerine, and at the end of 

the operation, after 50 to 
60 minutes’ rest, the acid 
recovered from a preceding 
operation is passed from 
the tank, c, to the bottom 
of a. In this way the 
nitroglycerine is displaced 
and caused to discharge 
tlirough s into the washing 
vessel, e, exit for the 
vapours being supplied by 
the tube 0. When all the 
nitroglycerine has been 
forced out, a little of the 
acid mixture is drawn off 
by the pipe f, 2 to 3 per 
cent, of water being then 
slowly added to* the re- 
mainder, which is mixed 
meanwhile with a current 
of air. By this means the 
dissolved nitroglycerine is 
decomposed and the 
dangers of slow separation 
in any of the vessels avoided 
{see preceding Note). The 
acid is immediately de- 
nitrated, after sufficient has 
.been passed into the tank, 
c, to displace the nitro- 
glycerine of the succeeding 
operation, h is the tank in 
which fresh acid is mixed, 

/ the vessel for drowning, 
g that for stabilising, and 
h the filter for the nitro- 
glycerine, these two being 
at a considerable distance 
from e, so that the nitro- 
glycerine may be conducted 
to them as sogn as it has 



Fig. 197. 


undergon^'its initial rough washing. The nitrating apparatus is shown in section in Fig. 
197. Yields of as much as 230 per cent, are obtained with this Nathan-Thomson process, 
which is now used in all countries. 
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FILTRATION. Tlie washed nitroglycerine is carried in hardened rubber or ebonite 
buckets to the filters, which are merely wooden frames covered with woollen cloth or felt 
to retain the impurities, scum, gummy matters, etc. By covering these cloths with a 
layer of dried salt, the emulsified water also can be held back. The cloths rapidly become 
blocked and are frequently renewed. The filtration is often, especially in England, effected 
by means of the apparatus shown in Eig. 198. This consists of a lead-lined tank. A, with 
inclined base. In the lid is inserted a leaden cylinder, (?, with a metal gauze bottom on 
which rests a filtering cloth, iV', and on this a layer of sodium chloride, 0, covered by another 
filtering cloth kept stretched by a leaden ring, Q ; the free part of this cloth is folded, 
stretched, and fixed by a conical leaden weight, JR. In place of salt, a sponge may be em- 
ployed to retain the water. In some cases complete separation of the water from nitro- 
glycerine is obtained by leaving the latter at rest for a couple of days in a tepid place (30° ) 
and then decanting it, but there is then some risk, owing to the prolonged accumulation of 
large quantities of nitroglycerine. 

In the working of nitroglycerine, each operation is usually carried out in a separate 
building, that in which the explosive is produced being at a very high elevation, the nitro- 
glycerine then flowing to lower points for the succeeding operations. All these buildings 
are of wood so as to diminish the damage in case of exi3losion. The floors of the sheds in 
which the nitroglycerine is produced and of those where it is treated in the liquid state are 

covered with sheet-lead with raised edges so 
that the material may be caught in case of 
breakage. 

Where the nitroglycerine is worked in a 
pasty state (for dynamites) the flooring is of 
wood free from crevices. 

If nitroglycerine is accidentally spilled, 
it should be immediately wiped up with 
sponges. 

The channels through which nitro- 
glycerine passes from one shed to another 
are in the form of gutters furnished with 
removable covers and are fitted with a 
longitudinal pipe through which warm water 
may be circulated in winter and the danger 
of freezing avoided. A disadvantage attend- 
ing the use of these channels is that an 
explosion in one shed is propagated along the channels to all the other sheds. Hence 
the precaution is taken of disconnecting one section of a channel when not in actual 
use. In many factories the nitroglycerine is transported in rubber pails (see above). 

The window's of the sheds are smeared with whitening, as the presence of curved parts 
in the naked glass might possibly result in the focussing of light on the explosive material 
and in the explosion of the latter. 

USES OF NITROGLYCERINE. Small quantities are sometimes used in 
medicine to induce dilation of the blood-vessels, but practically the whole 
of the production is used as an explosive. In America it has been long in use 
in the pure state for large mining operations ; Mowbray freezes it" and trans- 
ports it in large quantities on trains from the factory to the place of consump- 
tion, as he regards it as less sensitive in the frozen state, but this view is generally 
contested. It has also been transported without danger in solution in methyl 
or ethyl alcohol, from which it is reprecipitated with water at its destination. 
Almost all the nitroglycerine made is used in the manufacture of various kind 
of dynamites, dynamite gelatines, explosive gelatines, smokeless powder, etc. 

DYNAMITES. This generic name is given to explosives obtained by 
gelatinising or absorbing nitroglycerine by various other substances. We 
have already mentioned that Alfred Nobel, the father of dynamite, had from 
1860-1864 various explosions of nitroglycerine, sometimes of that recovered 
from the alcohol in which it had been transported (see above). In his attempts 
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to diminish the dangers of nitroglycerine by diluting it mth inert substances, 
Nobel discovered in 1866 that it is absorbed by kieselguhr {infusorial earth) ^ 
in considerable proportions (up to 81 per cent.), and that in this state its 
power is diminished but little, while it can be safely handled and transported. 
He found further that this dynamite is exploded only by means of a fulminate 
of mercury cap. 

If the absorbing substances are inert, like infusorial silica (kieselguhr), sawdust, cellu- 
lose, etc,, they form dynamites with inactive absorbents, which contain about 72 to 75 per 
cent, of nitroglycerine, 24-5 per cent, of kieselguhr, and 0-5 per cent, of soda for the No. 1 
quality, and less nitroglycerine (up to 50 per cent.) in the Nos. 2 and 3 qualities. 

In the new types of dynamite, however, the solid matter consists of active substances, 
e. g., nitrocellulose, which take part in the explosion. These are dynamites with active 
absorbents, the absorbents or bases being again divided into nitrates or inorganic oxidising 
bases and organic nitro-absorhents (collodion-cotton, etc.). 

I. MANUFACTURE OF DYNAMITE WITH INACTIVE ABSORBENTS. The 
kieselguhr used must be suitably prepared. It is first spread out in furnace chambers 
and gently heated to eliminate moisture and organic matter, and is then more strongly 
calcined in reverberatory or muffle-furnaces, excessive heating being avoided, as it may 
destroy the absorbing properties. It is then ground to fine powder and sieved. The 
flour thus obtained should not contain more than 1 per cent, of moisture and should be 
immediately filled into sacks and consumed the same day, as other’svise it might absorb 
moisture. It consists of silica with traces of oxides of iron and aluminium. 

The nitroglycerine is weighed in buckets of hard guttapercha or lacquered wood and 

^ Kieselguhr is found in a very pure state in the Liineburg moors, near Unterliiss in Hanover, 
at Oberhohe near Ebsdorf (Prussia), at Tiitelwiese near Berlin, at Bilin (Bohemia), and in an 
inferior quality in Scotland, Norway, and Italy. It consists almost exclusively of the siliceous 



Fig. 199. 


remains of diatoms, and contains also traces of iron and organic matter. It is unsuitable if it 
contains aluminium sulphate. Its particles are formed of empty tubes perforated in all directions, 
and it is this structure which renders kieselguhr so highly absorbent. Under the microscope, 
it presents the appearance shown in Fig. 199. At the present time kieselguhr dynamite has been 
almost entirely replaced by new types (gums or gelatines) described later. 

- The kieselguhr of Algeria (Orano) forms one of the richest deposits known, its composition 
being moderately constant, as is shown by the following percentage compositions of two samples 
(1911): 

H 2 O Si02 NaCl OaCOs MgSO^ Impurities 

Orano type . • • 5*7 72*6 0*3 14*8 2*2 4*2 

Cherchell type . . . 6*1 80*4 0*2 4*4 T6 8*1 

In 1914 a deposit of a million tons was found in Chili. 
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is carefully taken to tlie mixing-house, where it is poured into wooden troughs lined with 
sheet-lead, and containing the absorbent. Skilled workmen then mix the mass rapidly by 
hand ; sometimes rubber gloves are worn, but usually the men prefer to do without gloves, 
as the hands become accustomed to the action of the nitroglycerine in two or three days. 

It is important to obtain a homogeneous mixture, so that not the least portion of the 
kieselguhr remains free from nitroglycerine. After this hand-mixing the mass is rubbed 
through brass-wire sieves (2 to 3 meshes per centimetre) arranged above lead-lined wooden 
troughs. The d 3 Tiamite is placed on the sieve with a wooden spatula and pressed through 
with the palm of the hand ; here, too, the use of rubber gloves is not popular with the 
operatives. In the troughs the dynamite is in the form of fine grains, which should not be 
too dry or too greasy. If too dry, it is passed again through the sieve or mixed with more 
nitroglycerine, whilst if too greasy it is mixed with a further amount of kieselguhr. It is 
then placed in small portions in rubber bags or in wooden boxes lined with sheet-zinc and 
is removed to the building where the cartridges, used especially in mines, are prepared. 
Here the dynamite is transformed by simple presses into rolls, 19, 23, or 26 mm. in diameter. 
A very simple press devised by 0. Guttmann is shown in Fig. 200. The dynamite is intro- 
duced into the cloth bag, m, and falls into the tube, I, being pressed into this by the lignum 
vitse or ivory piston, p, at the end of the bar,* d, which 
is actuated by the lever, i; the cylinder of dynamite 
issuing from the bottom of the tube, I, is broken by hand 
into definite lengths, which are wrapped in parchment 
paper or waxed paper. The ordinary length is 10 cm. 
(discharge cartridges) or 2-5 to 5 cm. (primers). These 
cartridge machines are sometimes worked by pulleys 
and motors. In some cases the houdineuses illustrated 
later are used. After the dynamite is wrapped up, 
packets of 2*5 kilos are placed in cardboard boxes, 
which are wrapped and tied round and filled in tens into 
wooden cases. For military purposes the cartridges are 
put directly into metal boxes with a socket in the lid 
for inserting the detonator. For use under water these 
metal boxes are sometimes used, and sometimes sausage- 
skins or rubber bags. 

These cartridge buildings are usually small, with 
light walls and roof ; only two or three operatives work 
in each, high earthen banks separating one building 
from the next, so that the effects of an explosion may 
Fig. 200. mitigated. 

Dynamite containing 70 to 75 per cent, of nitro- 
glycerine is known commercially as dynamite No. 1 and those with 50 per cent, and 30 per 
cent, as No. 2 and No. 3 respectively. 

In place of kieselguhr various other absorbents are used at the present time, e. g., wood 
meal {cellulose) mixed with inert mineral salts (calcium carbonate, sodium bicarbonate, etc. ). 

First in America and then in fulgurite was prepared with 60 per cent, of nitro- 

glycerine, the remaining 40 per cent, consisting of wheaten flour and magnesium carbonate. 
At Cologne, Muller prepared a Wetter-dynamite [safety dywamite, for use in mines containing 
firedamp; see later) by mixing 10 parts of ordinary dynamite with 7 parts of crystalline 
sodium carbonate ; the water- vapour formed on explosion sm-rounds the flame and the 
explosive gases and thus prevents explosion of the firedamp. Many varieties of these 
dynamites are used to a greater or less extent in practice, e. g., carbodynamite, containing 
90 per cent, of nitroglycerine and 10 per cent, of carbonised cork, sebasiine, UthoclasUte, 
carhonite, etc. (see later, pp. 307, 311). 

Properties of Dynamite with Inert Bases. This forms a pasty mass of reddish yeUow, 
red, or grey colour according to the quality of the infusorial earth employed; to ensure 
a uniform colour about 0-25 per cent, of burnt ochre is often added. It is odourless and 
has the sp. gr. 1-4 and the pasty consistency of wet modelling clay ; the inside of the wrapper 
should show no traces of nitroglycerine (sweating). It is much less sensitive to pressure 
and percussion than nitroglycerine and, in small portions, may be lighted and burned 
without exploding. 
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It can, however, he exploded by powerful percussion or detonation, or by red-hot 
metal, or by heating suddenly to a high temperature or for a long time at 70° to 80°. 
Bjmamite freezes at temperatures below + 8° and then becomes less sensitive; before 
being used it must be carefully thawed in warming-pans, surrounded by water at a tem- 
perature not exceeding 60° ; it must never be thawed on a heated metal plate. Thawed 
dynamite should be used carefully, as a little nitroglycerine exudes during thawing. Most 
of the dynamite made is used as an explosive in mines and for firearms ; for cannon it 
has^ little use, owing to the danger caused by sweating during the thawing, so that for 
military purposes explosives are used which are safer to transport and not so sensitive to 
shock or to discharge (explosion by influence). 

Tor non- congealing dynamites, see note on p. 276. 

11. DYNAMITES WITH ACTIVE BASES, (a) Pulverulent Dynamites with 
Inorganic Nitrates. Immediately after the discovery of dynamite with a silica base came 
the idea of replacing the inactive substance, which diminished the force of the nitrogly- 
cerine, by active substances, so that the explosive power of the dymamite might be 
increased. 

In America such dynamites are often made with 40 per cent, of nitroglycerine, 45 per 
cent, of sodium nitrate, 14 per cent, of wood-pulp, and 1 per cent, of magnesium carbonate ; 
these dynamites are well suited for mines where no great power but considerable safety is 
required. In Europe mixtures of nitroglycerine, ammonium nitrate, fine sawdust, sodium 
nitrate, carbon, etc., are made ; e. g., 20 per cent, nitroglycerine, 36 per cent, sodium 
nitrate, 25 per cent, ammonium nitrate, 18-5 per cent, roasted rye flour, and 0*05 
per cent. soda. 

In Austria Trauzl in 1867 prepared a pasty mixture of nitroglycerine with guncotton, 
which was not affected by water and was exploded only by fulminate of mercury detonators. 
This product was not successful, but similar and improved preparations were subsequently 
made. 

About this time Abel in England prepared glyoxiline by soaking defibred guncotton 
and potassium nitrate in nitroglycerine ; this also was unsuccessful. 

(b) Blasting Gelatine and Gelatine Dynamite. Since these contain nitrocellulose, 
they will be mentioned later {see Smokeless Powders, p. 294), after the manufacture of 
nitrocellulose has been described. 

Statistics of dynamite : see later, at the end of the chapter on Explosives. 

Various attempts have been made, but without practical success, to use nitro- deriva- 
tives of carbohydrates as explosives. Mention may be made of : nitromannitol, discovered 
almost simultaneously early in 1847 by Hores Domont and Menard and by Ascanio Sobrero, 
who named it fulminating mannitol and obtained it in a similar manner to nitroglycerine. 
Kis composed mainly of hexanitromannitol, CeHg(0N02)6, which consists of white crystals 
melting at 112° to 113°, while the crude product, containing tetra- and penta-nitromanni- 
tols, melts at 80°; it dissolves to some extent in alcohol (1*35) and better in ether (1*24), 
and has the density 1*6 or, when compressed, 1*8. It is a shattering explosive, highly 
sensitive to shock. 

NITROSTARCH could not formerly be obtained sufficiently nitrated, but octonitrostarch, 
^12^12^10 (^^2 )8> containing nearly 16*5 per cent, of nitrogen, may be prepared by the 
process of Hough of New York (Ger. Pat. 172,549, 1903, improved later); this consists in 
treating the starch with a mixture of 3 parts of 95 per cent nitric acid, 2 parts of 98 per 
cent, sulphuric acid and sufficient SOg to yield an anhydrous mixture containing 2 per 
cent, of free SOg, a further quantity of oleum with 2 per cent, of free SOg being added 
during the nitration. It appears that nitrostarch was tried as a military explosive in the 
United States prior to the European War. 

NITROCELLULOSE 

(Guncotton or Pyroxyline and Collodion-Cotton) 

This substance should, to be in order, be described later, after cellulose 
(which is a carbohydrate with many alcoholic groups and with a molecular 
formula polymeric with CgHioOg) has been studied, but as its properties and 
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uses are closely connected with those of explosives, it is considered opportune 
to include it in the present section.^ 

CONSTITUTION OF NITROCELLULOSE. The relation f the com- 

ponents of cellulose being expressed by the more simple formula (CgHjoOg)^ it is found that 
the maximum degree of nitration consists in the introduction of three nitric acid residues per 
molecule of CgHj^o^sJ that guncotton was given the name trinitrocellulose, and was repre- 
sented by the formula 0311705(^02)3. Since the use of more dilute acids results in the 
combiuation of a less proportion of nitric acid residues, it is supposed that a mononitro- 
and a dinitro-cellulose are also formed. 

It was found later by Eder that there exist nitro celluloses with compositions intermediate 
to those of tri- and di-nitro celluloses, and others between the mono- and di-nitro -compounds, 
so that it must be supposed that cellulose has a formula at least double that 01 the simple 
one given above, but the mononitroeellulose corresponding with this doubled formula 
C12H20O10, i. e,, has not yet been prepared. 

Still later Vieille, by accurate study of the nitrocelluloses prepared with acids of various 
concentrations, succeeded in preparing eight different types of nitrocellulose, this result 
indicating that Eder’s formula, which predicted only six, could no longer serve. Vieille 
then proposed for cellulose a formula double that of Eder, i. e., 0341140^20 (^6^10^5 h* 

according to which twelve nitrocelluloses are theoretically possible; eight of these, from 
endeca- to tetra-nitrocellulose have been actually prepared. Mendeleev, having found 
nitrocelluloses intermediate to or identical with these twelve, but different from those 
studied by Vieille in being soluble in a mixture of alcohol and ether, proposed the doubling 
of Vieille’s formula, so that cellulose becomes C48HgQ04Q or (CgH^gOglg. To-day, however, 
it is thought that these differences are due to mechanical mixtures of the various nitro- 
celluloses rather than to separate chemical compounds, and further, that the nitration 
is gradual and leads from the more simple to the more complex forms. 

^ In 1833 Braconnot observed that when starch or wood is treated with concentrated nitric 
acid, a mucilaginous solution is obtained which, on addition of water, yields a white powder 
soluble in a mixture of alcohol and ether; this powder, which bums vigorously, he called xyloidin. 

Ih 1837, by immersing cellulose (flax, cotton, paper, etc.), for a few seconds in concenteaTted 
nitric acid and washing it immediately with a large quantity of water, so that^tfe^ns its original 
fibrous form, Pelouze obtained a product which is highly inflammable and explodes on percussion ; 
he regarded it as syloidin (in reality it was guncotton ), and recommended it for making fireworks. 

In 1846, Schonbein at Basle, and some months later, and independently, Bottger at Frankfort 
discovered that the nitration of cellulose takes place much more easily and completely if the 
cotton is treated with a mixture of concentrated nitric and sulphuric acids (industrially this 
method was used in 1846 by Hofmann and by Muspratt). In order to utilise industrially the 
guncotton thus obtained, the two discoverers combined and kept their process secret. After 
the initial difficulty in getting this new explosive taken up in practice, the extraordinary power 
of guncotton and its great advantages over black powder aroused considerable enthusiasm. 
Scarcely, however, had it come into general use in various countries than a number of spontaneous 
and fatal explosions in guncotton factories and magazines, by which whole buildings were razed 
to the ground, created such a panic that its manufacture was everywhere abandoned. The 
process of nitration was then already known to Knop and KArmarsch, and to others, who manu- 
factured guncotton by this simple process. In 1846, Sobrero made use of the nitric-sulphuric 
mixture for the preparation of nitroglycerine. 

In 1853, the Austrian, Captain von Lenk, ascertained how to render guncotton safe. The 
Austrian Government acquired from Schonbein and Bottger the process of manufacture (at a 
price stated to be 30,000 florins, or £2500) and maintained the secret of avoiding the spontaneous 
decomposition of guncotton until 1862. Then von Lenk communicated the secret to the French 
and English Governments, and in 1864 patented the process in America. Whilst in America 
the manufacture was undertaken on an enormous scale, in Austria and England it was again 
suspended on account^ of further terrible explosions in the factories themselves ; these were 
explained by the English workers as due to the insufficient purification of the nitrocellulose by 
von Lenk. In 1865, Abel discovered the method of bestowing absolute safety and keeping 
qualities on the nitrocellulose. He used first of all the process of washing proposed in 1862 
by the Englishman J . Tonkin, winch consisted simply in complete washing with abundant supplies 
of water; the nitrated cotton was then defibred or pulped in “ hollander " machines similar to 
those employed in paper factories and the wet pulp subjected to considerable pressurd^* From 
that time the manufacture extended to all countries, in spite of an English factory being blown 
up in 1871 (apparently a criminal act), and in recent times it has acquired new and increased 
importance owing to the discovery of smokeless powder. 

The process universally used at the present time in the manufacture of guncotton is that 
indicated by Abel. ^ Before the discovery of smokeless powder, guncotton had limited applications 
and was not used in mines, since, in the form in which it was prepared, it had an excessive 
shattering action, whilst in mines progressive explosives are usually required. 



287 


GUNCOTTON 


Nitrocelluloses with more than 12-83 per cent, of nitrogen were at one time regarded 
M being insoluble in aloohol-ether, but Abel showed that there are nitroeelluloses with 
• per cent, of nitrogen and still soluble in this mixture, whilst others with only 12-8 per 
cent, are insoluble, and that this depends on the method of preparation— the duration of 
. T ® concentrations of the latter, and the temperature 

at ™ch they act— and on the nature, purity, and dryness of the cotton. Only by following 
exactly the d^ections is it possible to obtain a constant percentage of nitrogen and complete 
solubility or insolubility in the mixture of alcohol and ether. 

It was also once thought that guncotton was a nitro-mnpound in the true sense of the 
word, i e., that the NOg groups were united directly to carbon, but first Bechamp and 
then others showed that it is a true nitric ester which can be saponified, with regenera- 
x^^^ cellulose, by alkalis, alkaline salts, ammonium sulphide, or ferrous chloride. 
It has been further shown that with the maximum of nitrogen an oxynitrocellulose is 
O TT (^6^1005)3 + (CeHioOe)^, so that the nitrocellulose will be 

gJl^^JN 02)305 + C!gHy(N02)30g, and this with feiTOus chloride giTes oxycellulose,* nitro- 
mannitol, treated similarly, gives mannitol and not oxymannitol]. 


PROPERTIES OF GUNCOTTON. Under the microscope nitrocellulose 
has the same appearance as ordinary cotton, but in polarised light it appears 
iridescent. AVhen moistened with a solution of iodine in potassium iodide 
and then mth sulphuric acid, nitrocehulose becomes yellow and cellulose blue. 
It is somewhat less white than ordinary cotton, is rather rough to the touch and 
crackles when pressed yith the fingers ; it becomes electrified when rubbed and 
then appears phosphorescent in the dark. It is soluble in ethyl acetate (as 
shown by Hartig in 1847), nitrobenzene, benzene, acetone, etc., but insoluble 
in water, alcohol, ether, acetic acid or nitroglycerine, although a mixture of 
nitroglycerine and nitrocellulose is soluble in acetone, forming a ielly, cordite 
{see later). ^ J 

It resists the action of dilute acids, but is decomposed slowly by concen- 
trated sulphuric acid or hot alkali, and is completely dissolved by hot sodium 
sulphide. Decomposition is also effected by iron and acetic acid or by 
ammonium sulphide or ferrous chloride (Bechamp). 

Flocculent, loose guncotton has the sp. gr. OT, whilst the powder (pulj)) 
has the sp. gr. 0*3 and is exploded by shock or percussion only at the point 
where it is struck, the explosion not being propagated to the whole mass. When 
ignited, it bums so rapidly that even when it is placed on black powder, the 
latter does not burn. 

In the form of cord, it burns more slowly and may be used as a rapid fuse. 
When wet or compressed it has a specific gravity var37ing from 1 to 1*3 (the 
absolute sp. gr. is 1*5) and it then burns slowly and cannot be exploded by 
percussion or by ordinary detonators ; explosion can, however, be induced by 
detonating a little dry guncotton with a fulminate of mercury cap. The 
shattering power diminishes with increase of the density, which reaches a 
maximum on gelatinisation (see later : Progressive xSmokeless Powders). The 
decomposition proceeds according to the equation : 

2CgH702(0N02j3 = SCO + 7CO2 + 8H + SHaO + 6Isr. 

Less compressed guncotton gives more CO and H in comparison with the COg 
and HgO, and hence has a less effect, the development of heat being smaller. 
No ash or smoke is formed, and 1 kilo of guncotton yields 741 litres of gas (the 
water being liquid, or 982 litres if the water is in the state of vapour), which is 
inflammable and, owing to the presence of carbon monoxide, poisonous. The 
temperature of combustion has been given as 6000° (i. e., 1071 Cals, is developed 
by 1 kilo), and in practice exceeds 4000° and may produce a pressure of 15,000 
atmos. 

Unless guncotton is carefully prepared, it undergoes gradual change and 
may explode spontaneously, especially in the light, and to this are probably 
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due the great explosions which occurred formerly (1848-1862). Even dry, 
granulated guncotton becomes harmless and safe to handle if it is immersed 
for a moment in ethyl acetate, as it becomes coated with a gelatinous layer 
which dries and preserves it, if moist, from further evaporation. 

Guncotton is transported in large quantities in the wet state in wooden 
boxes placed in others of zinc which are sealed hermetically to retain the 
moisture. It is stored in dry magazines which are situate at least 150 (better 
500) metres from any habitation and are not surrounded by earthworks so 
that the more serious effects due to projection of debris may not be added to 
those of an explosion 

MANUFACTURE OF GUNCOTTON. Hanks of purified cotton, free from impurities, 
are employed. This cotton should fulfil certain requirements.^ 

In place of cotton it is economical in some eases to use filter-paper, unsized paper, parch- 
ment paper or paper cellulose, but such substances are less convenient than cotton as they 
easily undergo piilping to an almost pulverulent mass, which leads to losses and requires 
different conditions for nitration. 

The pure cotton is placed loose on trays which are arranged in a drying-stove heated 
by means of gilled pipes through which steam circulates; the heating is continued until 
the proportion of moisture is less than 0-5 per cent., after which the cotton is allowed to cool 
for twelve to fifteen hours in hermetically sealed boxes. If not pure the cotton is best 
defatted by boiling it for two to three minutes with 2 per cent, sodium hydroxide solution ; 

it is then washed with water and subsequently treated 
with very dilute nitric acid in the hot. In some cases 
it is also bleached with a weak solution of hypo- 
chlorite, well rinsed with water and dried in a hot-air 
oven at 100° to 115° as above. When almost dry it 
is carded, dried completely, and, while still hot, placed 
in hermetically sealed boxes so that no more moisture 
may be absorbed. 

Nitration is then effected with a mixture of 
concentrated nitric and sulphuric acid, as follows : 
3 parts of pure sulphuric acid of sp. gr. 1-840 (95*6 
per cent. ) are poured into 1 part of pure nitric acid 
of sp. gr. 1-500 (95 per cent.), mixing taking place immediately and completely without 
the aid of stirrers. In this way a mixture containing about 72 per cent, of HgSO^, 23-5 
per cent. HNOg, and 4-5 per cent. HgO is obtained. If the acid mixture contains much 
nitrous acid, it may yield cellulose nitrite, which contains only 2-5 per cent, of nitrogen, is 
insoluble in acetone and is less stable than ordinary nitrocellulose (Nicolardot and Chertier, 
1910). * 

The mixture is then delivered with the help of an acid elevator {Moniejus) into the 
nitration apparatus, consisting of a cast-iron vessel, A [dipping pot) (Fig. 201), standing 
in a larger vessel, G, through which cold water circulates from H to J. The cotton is im- 
mersed in small portions (300 to 800 grams) in the acid-bath and is stirred with an iron 
fork. In England 1 kilo of cotton is used per 160 kilos of the acid mixture, while in Germany 
1 kilo of cotton is taken for every 40 kilos of acid ; after a short time (fifteen to thirty minutes ) 
the nitrated cotton is removed with iron forks and is placed to drain on a cast-iron grid 

^ Cotton for nitrocellulose should be pure white and should not contain dust or fibres of jute, 
hemp, or flax, or woody matter or pods ; these impurities, when separated by hand from 200 
grams of the cotton, should not exceed 0-5 gram. The filaments should not be too short, other- 
wise they form a paste during nitration. A small piece thrown into water should sink in two 
minutes. It should not contain more than 0-9 per cent, of substances soluble in ether (fats, etc. ) ; 
in many factories 0-5 per cent, is not allowed. In England the amount of fat allowed is 1-1 per 
cent, extracted mth ether in four hours in a Soxhlet apparatus [see Analysis of Eats). The 
moisture, determined by heating the cotton in an oven at 100° until its weight remains constant, 
should not exceed 6 per cent, and the cotton merchant is debited with any excess and also with 
the cost of drying. 

When moistened with a few drops of water, the cotton should maintain a neutral reaction. 

The ash, estimated by heating a few grams of the cotton to redness in a platinum capsule 
until it becomes quite white and of constant weight, should not amount to more than 0-3 per cent. 



Fig. 201. 
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(grate), B and C, arranged on one side above the vessel ; before it is taken away, it is pressed 
with a cast-iron plate, F, connected with a lever, D E. 

The acid mixture is renewed when it has treated 30 to 50 per cent, of its weight of cotton ; 
also after each portion of cotton is removed from the bath, fresh acid mixture, equal to 
ten times the weight of the cotton taken out, is added in order to make up for what has been 
absorbed and combined. On the German system (where less acid is used) renewal takes 
place more frequently. Above each of the nitrating vessels is a hood with a strong draught 
to carry off the nitrous vapours which are always evolved. Excessive rise of temperature 
or use of weak acid mixtures (with more than 9 per cent, of water) gives a guncotton which 
contains less nitrogen and is not completely soluble in alcohol-ether, as is required in practice. 

In some factories the nitration is carried out in a number of small, deep and narrow, 
hemispherical vessels of cast-iron mounted on trolleys. These are charged in order with 
certain weights of acid mixture (30 to 50 kilos) and dry cotton (2 to 4 kilos), and, after 
thorough mixing, the trolleys are pushed into an oblong lead-lined chamber provided with 
as many doors as there are trolleys. A powerful aspirator draws the nitrous vapours into 
a wooden flue. A battery of soaking-pots is used in such a way that when the last is intro- 
duced into the chamber the first has already finished reacting (thirty to forty minutes), 
and as the pots are of metal and relatively small and are in a strong draught, the heat 
developed is readily dispersed. The pots are removed from the chamber and taken to the 




Fig. 202. Fig. 203. 

neighbouring centrifugal machines, into which the contents of the pots, which are mounted 
on pivots, are tipped. The centrifuges are similar to those employed in sugar factories (see 
Sugar) and have a steel or leaded steel rotating basket ; aluminium ones have also been tried, 
but not with great success. A few minutes’ centrifugation at 900 to 1000 revolutions per 
minute removes the greater part of the acid from the guncotton ; the latter is immediately 
taken to the washing machines, while the acid recovered is revivified in the mamier described 
on p. 280. If drops of water or lubricating oil fall on to the cotton during centrifugation, 
the mass sometimes undergoes sudden decomposition with formation of a dense cloud of 
brown vapour ;..this does not constitute a serious danger, since usually it is not accompanied 
by explosion. 

In some factories the nitration is nowadays carried out directly in the centrifuges, which 
may be of naked or leaded steel or even of earthenware, although these are heavier and 
more fragile (see Figs. 202, 203). The latter consist of a double-walled earthenware basket, 
the inner wall, d and a, but not the outer one, bemg perforated ; the two walls being a slight 
distance apart, an annular space, c, is left, which has an outlet above in a number of holes, 
s, in the edge of the bush. The -whole is bound with steel hoops, to prevent danger from 
projection in case of fracture. The dry cotton (7 to 8 kilos or more) is arranged peripher- 
ally inside the perforated basket, the acid being supplied by the tube, m ; the basket, sur- 
rounded by the jacket, h, and the cover, z, both of earthenware, is set in motion by the 
shaft, p, driven by the belt, r. The acid is driven uniformly through the cotton by centri- 
fugal force, rises through the ring space, c, and issues from the holes, s, into the channel, e, 
whence a pipe,/, carries it to an elevator to be circulated again. The operation is of short 
VOL, II, 
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duration, and the red vapours are emitted from the tube, g. During nitration, the velocity 
of the drum is relatively low, but at the end the velocity is increased ; the nitrated cotton 
can then be taken away at once to be washed. 

Use is, however, preferably made of steel centrifuges with circulation of the acid, as 
proposed by Selwig and Lange; the basket, d, is perforated (Fig. 204) and the cover is of 
aluminium and hinged, and is furnished with a large tube, o, communicating with the pipe 
of an aspirator, n. The basket is moved slowly and filled with the nitric-sulphuric mixture 
[e. g., 70 per cent. 23 per cent. HNOg and 7 per cent, water) up to the top edge; 

the cotton is then introduced in packets (1 kilo per 40 to 50 kilos of acid) and the basket 
given a velocity of 20 to 30 turns per minute. This movement causes the acid to circulate 
continuously through the cotton, and in half an hour the nitration of 6 to 8 kilos of cotton 
is complete; the acid is then discharged and the velocity increased to remove as mueh 
acid as possible from the cotton, which is taken out and washed in the ordinary way. Use 
is now made of centrifuges 1 to 1*1 metres in diameter, and 14 to 18 kilos of cotton are 
nitrated at a time. 

Sometimes, especially in summer, the nitrocellulose decomposes in the centrifuge itself, 



producing vast columns of reddish-brown vapour; as a rule, not explosion, but merely 
deflagration occurs. Such decomposition takes place the more readily at the end of the 
centrifugation, especially if this is unduly prolonged or excessively rapid ; often the cause 
is the spurting of water or lubricant into the centrifuge, but it may be the presence of 
impurities in the cotton or a workman spitting into the centrifuge. 

Since August 1905 in the Royal Gunpowder Factory at Waltham Abbey (where 2000 
tons are produced per annum), guncotton has been made by the displacement process of 
J. M. and W. Thomson, improved by Nathan, which is briefly as follows (Ger. Pat. 172,499, 
1904). 

Into the earthenware basins, which have perforated double bottoms and aluminium 
covers (Fig. 205) and are connected in groups of four by means of leaden pipes 
and also communicate with an exhauster, G, 600 litres of the nitric-sulphuric mixture 
is placed; about 10 to 12 kilos of cotton is then introduced in small portions into each 
vessel and pressed with perforated stoneware discs divided into septa so that the acid 
exactly covers the cotton and scarcely fills the orifices of the discs; a layer of water about 
1 cm. deep is then cautiously introduced on to the perforated disc, which separates the 
cotton and acid from the superposed water and thus prevents the two liquids from mixing, 
the fumes being largely absorbed by the water. 

The nitration lasts about two and a half hours, and at the end water is introduced above 
the perforated plate, this displacing at the bottom a corresponding quantity of the acid ; 
the acid thus recovered (90 per cent.) is reinforced with oleum and strong nitric acid. The 
displacement lasts three hours, after which the mass is centrifuged and the cotton washed, 
rendered stable, pulped, etc. 
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^ nitrogen content, different irom that of 

MWoUow gelatinise nitroglycerine {see later), the process of nitration is care- 

y f llowed by numerons rapid analyses until suitable conditions are found for obtaining 
a constant product; after this has been done, the final control is sufficient. It has been 
proposed to follow the extent of nitration of cellulose by observing its behaviour towards 
polarised light In recent years it has been shown that guncotton of more constant type 
and more readily rendered stable is obtained if the acid mixture is renewed for each nitration • 
tne last processes described ’ 

are hence to be preferred. 

There has been much 
discussion concerning the 
relative suitability of 
centrifuges and Nathan- 
Thomson vessels for nitra- 
tion. It now seems estab- 
lished that, even in 'the 
latter, either guncotton or 
collodion-cotton may be 
prepared, provided that 
the conditions of the re- 
action, the temperature. 
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the time,' and the concentration and composition of the acids are suitably and thoroughly 
studied. The plant of a works using centrifuges is the more expensive, requires the greater 
upkeep expenses and contaminates the air with acid fumes. 

The nitrocotton obtained by the Thomson process is the more stable, since the dis- 
placement of the acid by water is accompanied by slight heating, which allows of the decom- 
position of the unstable secondary products and the elimination of the sulphonitric cellulose. 

Tor the economical working of the Thomson process, the earthenware vessels must be 
of good quality, so as to avoid breakages ; such vessels are now easily procurable. With the 
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centrifuge system concentrated acid is recovered, but part of it is lost ; with the Thomson 
vessels the whole of the acid is recovered, but about 25 per cent, of it is diluted with 20 to 
25 per cent, of water and has to be denitrated. 

The degree of nitration and the stability of nitrocotton may be estimated by measuring 
the viscosity of its solutions, nitro-oxycelluloses giving more fluid solutions than nitro- 
cellulose. Nitro-oxycellulose has little stability and is formed from cotton which has been 
highly bleached with chlorine prior to nitration (Picst, 1913). 

The theoretical yield of dry guncotton is 185 kilos per 100 kilos of dry cotton ; in practice 
170 to 175 kilos is obtained. 

WASHING. The nitrocellulose from the centrifuge is passed directly into the oval 
washing vessel {see Tig. 206), which has a longitudinal partition down the middle (like 
the hollander machines used in paper-making), and in which a shaft furnished with beaters 
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mixes the whole mass with water ; the latter is constantly renewed and the washing con- 
tinued until the acid reaction towards litmus paper disappears (two to three hours). The 
washed guncotton is either centrifuged again or put to drain in wooden baskets. Although 
it no longer exhibits an acid reaction, yet, as was shown by J. Tonkin in 1862 and by Abel in 
1865 (in England), it still contains acid, or rather unstable sulphuric esters, in the small 
channels of its fibres. 

To separate these remaining traces of acid, the nitrocellulose is rendered stable by the 
Robertson system, which consists in boiling it for two consecutive periods of twelve hours 
each with w'ater in wooden vats fitted with perforated false bottoms (one vat holds even more 
than 1000 kilos of the cotton), beneath which steam is passed. Then follow four more 
boilings of four hours each with water (formerly one or two boilings with calcium carbonate 
were also carried out), and finally two or three boilings each of two hours with fresh water. 
This system of washing, which lasts altogether thirty-six to forty-eight hours, is preferable 
to that in which the boilings are short at the beginning and long at the end, and especially 
to that where boiling with soda is interposed, as the soda hydrolyses the nitrocellulose and 
transform it partially into collodion-cotton poor in nitrogen and soluble in alcohol-ether. 
In France boilings of sixty to eighty or even one hundred hours are employed. 

Some of the boiling may be dispensed with if the nitrocellulose is steamed in 
closed vats. 

In 1911, Baschieri simplified the Robertson system by boiling the nitrocellulose (roughly 
washed and centrifuged) for two hours in 0*05 per cent, sulphuiic acid solution, then washing 
twice in cold water, boiling for two hours with OT per cent, sodium carbonate solution, 
and finally washing twice with cold water. By this method the nitrocotton is rendered 
ready for pulping with a minimum loss of nitrogen, the maximum stability being thirty-five 
minutes at 70° or, with the Abel test, 135°. The acid bath serves especially for the elimina- 
tion of the unstable and soluble sulphonitric celluloses. 

PULPING. In spite of all the washing and boiling to which it is subjected, the gun- 
cotton persistently retains a trace of acid, and to remove this, the cotton is thoroughly 
defibred (pulped) as was proposed by Tonkin and by Abel in 1865. This operationis carried 
out in hollanders similar to those used for the preceding washing and identical with those 
used in the manufacture of cellulose for paper (see later, section on Paper, for figures and 
cross-sections). 

Pulping lasts from fi.ve to eight hours, according to the fineness required, but if it is 
incomplete, inconveniences are met with in the subsequent compression, the desired density 
not being attainable; also if pulping is carried too far, the compression is disturbed in 
another way. Guttmann proposed the use of hot water in pulping, and this possesses 
several advantages in addition to saving time. In the large hollanders, as much as 600 to 
800 kilos of guncotton can be treated at one time. In some cases a little calcium carbonate 
is added to guncotton to preserve it and to neutralise any residual acid ; it is added in powder 
just before the completion of pulping, but its use is not to be recommended, as it tends 
gradually to produce slight decomposition of the nitrocellulose. 

STABILISING. Guncotton (and also collodion-cotton) thus prepared does not usually 
answer the rigorous tests to which it is subjected (see later, Tests of Stability), and is ren- 
dered stable by again boiling it for some hours with water in large wooden tanks (sometimes 
lined with lead), jets of steam, and also of air to keep the mass moving, being passed in for 
eight to twelve hours. By mixing in this way the nitrocottons from different nitrations, 
a mass is obtained which is perfectly homogeneous, even as regards nitrogen content, this 
being difficult to achieve otherwise. 

In order' to separate the water, the mass is placed in suitable centrifuges fitted with 
drums of fine metal gauze entirely surrounded by linen ; in other cases, the water is separ- 
ated as in paper-mills, by placing the mass in chambers having perforated brass floors 
covered with cloth, the pulp drained in this way being finally centrifuged. The water 
separated from the pulp is allowed to stand in suitable vessels to deposit the finer fibres 
it has carried away. After centrifugation, the pulp contains about 25 to 30 per cent, of 
water and in this state it can be kept safely in zinc boxes, in which it can be transported 
if it is slightly compressed and the cover of the box soldered ; in moist wooden boxes or 
in paper wi'apping nitrocotton readily becomes coated with mould. If properly prepared, 
guncotton should not contain more than 3*5 to 4 per cent, of collodion-cotton (soluble in 
alcohol-ether), but in England 7 to 8 per cent, is allowed. Excessively prolonged boiling 
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increases the proportion soluble and lowers somewhat the nitrogen content ; immoderate 
action of alkali produces a little hydronitrocellulose. 

COMPRESSION OF GUNCOTTON. For military purposes, that is, for cartridges 
and for the blocks used for charging torpedoes, the still moist guncotton is strongly com- 
pressed, to render it safer and more powerful owing to the increased charging density {see 
above), which reaches the value 1-2 with pressures of 500 to 1000 atmos. or 1-35 with still 
greater pressure. Fig.^ 207 shows in section a Taylor and Challen hydraulic press used 
for this purpose; this is set up in an isolated room and can be controlled from a distance 
so as to avoid any great amount of damage in case of explosion during the compression, 
this mostly happening if any hard foreign body chances to be present in the guncotton. 

To obtain the greatest density, the pulp is first washed with hot water and slightly 
compressed in the mould, d, by means of the lever, Ji, the water being drawn away under 
the perforated base, c (covered with steel gauze), by a pump connected with the tube, b. 
The partitions, I, are raised and the mould passed through an aperture in the wall, M (which 
serves as a protection for the workmen), and thus above the plate, n, of the hydraulic press ; 
this plate is kept horizontal by four columns, 8'. The mould is raised by the piston, t, 



of the press so that it is pressed against a die, r, fixed to the cover, q. This cover is held 
fast by the four columns so that the die penetrates the mould and compresses the cotton 
under a pressure of 800 to 1000 atmos. The degree of humidity after the compression is 
about 12 to 14 per cent., and at each operation a block of 1 kilo is made, the shape being 
adapted to that of the projectile. Thus compressed, guncotton is so hard and compact that 
it can be worked quite safely with the plane, saw, or boring tool, a fine jet of w^ater being 
directed at the point where the cutting is taking place. To prevent compressed guncotton 
from losing moisture and from becoming mouldy, it is dipped in molten paraffin wax, or, 
better, it is immersed for a moment in ethyl acetate (or acetone), which dissolves a little 
nitrocellulose at the surface and forms a kind of impermeable varnish. 

Since 1898, in some large works charges have been prepared in a single piece, either 
for grenades or for torpedoes, etc., by means of the powerful press devised by HoUings 
(Brit. Pat. 23,449, 1899). 

USES OF GUNCOTTON. Until 1890, moist compressed guncotton had replaced all 
other explosives for the charging of torpedoes. It is used also for filling grenades, which 
are then covered with molten paraffin wax to unite the grenade and the explosive ; explo- 
sion is effected by a detonator of dry guncotton. It is made also into compressed cartridges 
for use in mines, a cavity being left for the detonating cap and the fuse. 

Since 1890, guncotton as a high explosive for military purposes has been replaced gradu- 
ally and advantageously by picric acid and trinitrotoluene (T.N.T.), which are melted and 
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poured directly ifitto the projectiles, bombs, mines, etc. During the European War ail 
the old stocks of guncotton were consumed, use being afterwards made solely of these 
aromatic nitro -derivatives and of various mixtures of them (see later). 

Mixtures of granulated guncotton and nitrates are placed on the market under the 
names of ionite, potentite, etc. Abel obtained beautiful pj-Totechnic effects by saturating 
guncotton with solutions of various mineral salts capable of imparting different colours 
to the flame. Guncotton is sometimes used for filtering acids, alkalis, and solutions of 
permanganate, being resistant, to these reagents in the cold. Also it is employed in some 
cases as an electrical insulator and for bandaging purulent sores and wounds, being first 
saturated with potassium permanganate. 

COLLODION-COTTON FOR GELATINE DYNAMITE, DYNAMITE, AND 
SMOKELESS POWDERS. During the last fifty years, a different, less nitrated nitrp- 
cellulose, collodion-cotton, has assumed very great importance in the manufacture of smoke- 
less explosives. On the other hand, guncotton itself has, of late years, been largely replaced 
by compressed, crystalline, or fused trinitrotoluene, or by picric acid {see Part III), especially 
for military and naval purposes. Collodion-cotton was at one time thought to be dinitro- 
cellulose, soluble in a mixture of alcohol and ether, but it has now been shown to be a mixture 
of various soluble nitro-compounds, which are formed under conditions different from those 
yielding guncotton. Collodion-cotton should have a constant nitrogen- content, and it 
should be readily soluble (to the extent of at least 95 per cent.) in a mixture of alcohol (1 
part) and ether (2 parts), giving a dense viscous solution; this solubility may, however, 
be increased by prolonged heating under pressure with water acidified with sulphuric acid, 
which permits of the preparation, from this coUodion-cotton, of artificial silk better than 
the Chardonnet variety (Chandelon, Ger. Pat. 255,067, 1911-1912). Collodion-cotton 
is soluble also in dichlorohydrin (p. 257). 

If it answers these rec[uirements, it gelatinises nitroglycerine well and dissolves completely 
in it ; attention is, however, also paid to the time necessary for gelatinisation. 

For photographic plates, extensive use was formerly made of ethereal-alcoholic solutions 
of soluble nitrocellulose (coUodion), and in this case importance was attached not so much 
to the viscosity as to the proportion of nitrocellulose which would yield an elastic film of 
marked resistant properties. For this purpose, the nitration is carried out at a temperature 
of at least 40° to 50°, so that the resulting collodion is less viscous ; also the nitrocellulose 
is not pulped. 

The cotton is immersed for sixty minutes or longer in a mixture of 1 part of 95-5 per 
cent, sulphuric acid (sp. gr. 1-840) and 1 part of 75 per cent, nitric acid (sp. gr. 1-442) (this 
mixture contains 48 per cent, of H 2 SO^, 37-5 per cent, of HNOg, and 14-5 per cent, of H^O), 
at a temperature of about 40°. 

The more concentrated the acid and the more prolonged its action, the higher will be 
the nitrogen-content, but the viscosity will not be decreased ; a high temperature, however, 
results in diminution of the proportion of nitrogen and also of the viscosity. 

More commonly nitration is carried out in the cold in the manner described for making 
guncotton, only the composition of the acid mixture being modified : with a content of 
22 to 25 per cent, of nitric acid, guncotton is obtained if the acid mixture contains less than 
10 per cent, of water and collodion-cotton if more than 10 per cent, of water (up to 15 to 18 
per cent.), according to the desired nitrogen percentage and solubility in alcohol-ether. 

To the International Congress of Applied Chemistry, London, 1910, Saposhnikov com- 
municated a series of interesting investigations (190^1909) on the practical conditions 
required to establish beforehand the type of the resulting nitrocellulose (percentage of 
nitrogen and solubility), the results being expressed as curves referred to triangular 
co-ordinates. 

After nitration collodion-cotton intended for the manufacture of gelatine dynamite 
goes through all the operations of washing, pulping, and boUing employed with guncotton. 

Collodion-cotton for gelatine dynamite or smokeless powder must be subjected to a 
drying process, while for smokeless powders the water is expelled in another way. Since 
the centrifuged pulp still contains 30 per cent, of water, whilst- nitrocellulose begins to 
decompose at 70° (or even at 50° if badly prepared) and in the dry state is very sensitive 
to shock or percussion, the drying of collodion-cotton constitutes a very dangerous opera- 
tion. At one time it was dried by means of indirect steam on iron plates heated to 40° to 
50°, but, using the ordinary precautions, it may be dried on cloths in a current of warm air. 
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When dry, it sometimes becomes electrified on rubbing, or even by an air current, and this 
phenomenon explains the frequent spontaneous fires formerly occurring in the drying ovens. 
Guttmann prefers to dry the collodion-cotton on copper plates connected with the earth 
by wires (to discharge the electricity). These plates are perforated with conical holes 
0-25 mm. wide at the top and 1 mm, at the bottom ; strips of leather are used to prevent 
rubbing of the metal parts. In these ovens, the pulp is spread out and is subjected to the 
action of a current of air heated to 40° (in some cases, also dried : see p. 272), and in two 
days the mass is dry, not more than 0*1 per cent, of moisture being then present. The 
dried material is then carefully placed in rubber bags and stored in air-tight boxes. 

The drying ovens are provided with alarm-thermometers, which also regulate the 
temperature automatically. 

The workmen should wear rubber boots with copper nails and in the Waltham 
Aobey factory the leather transmission belts are soaked in glycerine to prevent their 
electrification. 

Drying in a vacuum is also employed (especially with fulminate of mercury and smoke- 
less powders), and is then more rapid and takes place at a lower temperature, while 



Fig. 208. 

the danger of an explosion is diminished owing to the absence of the tamping effect of the 
atmospheric pressure {see p. 264). 

One of the commonest dryers working under reduced pressure is shown in Fig. 208 ; 
it is fitted with cloths and has double walls to allow of the circulation of steam, hot air, 
or hot water {see also p. 297 ). 

Collodion-cotton for making ballistite {see later) should contain 11-75 to 11-95 per cent, 
of nitrogen, whilst that for ordinary gelatine dynamites contains as much as 12 per cent., 
almost completely soluble in alcohol-ether. 

The distinction betw^een collodion-cotton and guncotton on the basis of the percentage 
of nitrogen present is not a rigorous one, since it was shown by Roscoe (during the lawsuit 
in 1893 between the British Government and Nobel concerning the ballistite patent) that, 
by suitable modification of the quantity of water and of the ratio betw^een the nitric and 
sulphuric acids in the nitrating mixture, a nitrocellulose which contains 12-83 per cent, 
of nitrogen and is soluble in alcohol-ether, or one which contains 12*73 per cent, of nitrogen 
and is insoluble, may be obtained. 

SMOKELESS POWDERS. Even 50 years ago attempts were made to diminish the 
smoke produced by ordinary gunpowder by diminishing the amount of sulphur present, 
but its relations to the nitre and carbon cannot be greatly altered. Potassium nitrate was 




296 ORGANIC-CHEMISTRY 

then replaced by ammonium nitrate, but this was found to be too hygroscopic ; yet later, 
ammonium picrate was employed with better, but still not satisfactory, results. In 1864 
Schulze prepared a smokeless powder from nitrocellulose obtained from pure wood-cellulose. 
It gave good results with sporting guns, but was too shattering for use in warfare, and the 
same was the case with a smokeless powder prepared in 1882 by Walter Reid by granulating 
nitrocellulose and gelatinising it superficially with alcohol and ether. 

The true solution of this important problem is due to Vieille, who in 1884 found that the 
shattering action of guncotton could be transformed into a progressive (or propellant) action 
by destroying the fibrous structure with suitable solutions. To attenuate the rapidity of 
explosion of guncotton it must be made as dense as possible (theoretically the fibre free 
from interstices has the density 1-5), and this cannot be done practically with fibrous cotton 
(even when pulped ) as a pressure of 4000 atmospheres would be necessary. Vieille, however, 
dissolved or gelatinised the nitrocellulose and then recovered it by evaporating the solvent ; 
thus was prepared powder B, the first military smokeless powder. 

With the smokeless powder prepared by Vieille in 1885 the velocity of projectiles from 
cannon was increased by 100 metres per second over that obtained with ordinary powder, 
the pressure in the cannon being the same in the two cases ; hence guns of smaller calibre 
could advantageously be employed. This amounted to a revolution in the region of ballistics. 
The gelatinisation is effected by solvents of nitrocellulose, i. e., by ether, acetone, ethyl 
acetate, nitroacetylglycerine, tetra- and penta-chloroethane, etc. {see p. 122). 


SMOKELESS PROGRESSIVE POWDERS 

SMOKELESS POWDERS OF PURE NITROCELLULOSE : POWDER B. Powder 
B was applied in France as a military explosive in 1886, and was used solely as a propellant 
powder up to the outbreak of the European War. During the war ballistite {see later) also 
was made in France and powder R in Italy, Great Britain and America, the French process 
being employed ; briefly this is as follows : By means of a suitable kneading machine an 
intimate mixture is made of 66 to 70 parts of guncotton (known in France as CP 1 ), and 
30 to 34 parts of moist collodion-cotton (termed CP 2) (with about 25 to 30 per cent, of 
moisture). The moisture is not removed by drying in an oven, which would be dangerous, 
but is displaced by means of 95 per cent, alcohol (Messier process, 1892) in suitable hydraulic 
presses ; each chamber is charged with about 27 kilos (calculated dry) of mixed nitrocellu- 
lose, which is supported on a perforated metallic disc on the bottom of the chamber. After 
the moist cotton has been pressed slightly with the piston, about 18 kilos of alcohol is intro- 
duced and forced through the cotton, gradually displacing the water, which is discharged 
through the apertures at the base and is followed by dilute and then by concentrated alcohol ; 
when the latter issues wdth its original density, the whole of the water has been displaced. 
About two-thirds of the alcohol recovered has a concentration of about 50 per cent, and, 
after direct distillation to separate it from suspended cotton and from part of the water, 
is rectified to bring it to 95 per cent, strength to be used in succeeding operations (about 
5 per cent, of the alcohol is lost in each operation). 

The nitrocotton remaining in the press is extracted by means of a counter- piston, which 
forces it upwards in cakes impregnated with 10 to 11 kilos of alcohol (per 27 kilos of dry 
nitrocotton). The operation in each chamber occupies five minutes. 

These multiple dehydration presses with continuous automatic action produce up to 
12 to 15 tons of dehydrated nitrocotton per day, the best form being made by Messrs. 
Champigneul (Paris). 

In some powder B factories, instead of Champigneul presses (which before the war cost 
about £1600 and during the war as much as £6000), use is made of hydro-extractors, the 
nitrocotton (40 to 45 kilos) in the moving centrifuge being treated with a spray of 95 per 
cent, alcohol. Each centrifuge with a perforated drum 1 metre in diameter and a final 
velocity of 1100 revolutions per minute gives an output of 1600 kilos of dehydrated nitro- 
cotton per twenty-four hours. Almost twice as much alcohol, however, is consumed in 
the centrifuges as in the presses and the percentage loss is greater ; one-half of the alcohol 
is recovered at about 68 per cent, strength and the rest at 40 to 50 per cent. ; the latter is 
distilled and rectified and the former used for the first treatment in a subsequent operation, 
being then recovered at 40 to 60 per cent, strength ; a second treatment of the nitrocotton 
with 95 per cent, alcohol yields 68 per cent, alcohol. 
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Gelctthiisation of the nitrocotton is effected most completely and rapidly with a mixture 
of 66 per cent, of ether and 34 per cent, of alcohol, i, e., 2 vols. of ether and 1 vol. of alcohol 
(135 kilos of the mixture for 100 kilos of nitrocotton calculated dry), account being taken 
of the alcohol already present in the nitrocotton. The materials are thoroughly kneaded 
in a kneading machine, the mass being afterwards discharged into zinc tubs and there left, 
hermetically sealed, for twenty-four hours for the completion of the gelatinisation. 

By means of hydraulic presses similar to those used for food pastes, the pasty mass 
is converted into strips or ribbons varying from 3 to 6 cm, in width according to the type 
of powder and about 1mm. in thickness. The ribbons are cut into lengths of about 2 mete, 
hung on rods and dried in a current of air at 40°, the alcohol and ether being recovered with 
the help of freezing machines {see note on p. 231). The strips, still containing 25 per cent. 
of solvent, are then cut to the desired width and length (usually 15 to 20 cm.) and after- 
wards dried on brass gauze for five to six hours at 55° to 60° in a stream of air, from which 
a little solvent may be recovered. 



Big. 209. 


In some works this drying is effected under reduced pressure {see Fig. 208), special 
apparatus being used for the recovery of the solvent, as shown in Fig. 209 ; P represents 
the pump which evacuates the condensation chamber of the solvent C, this commimicating 
with the oven P. The vapours from the wide tube at the top of the oven are condensed 
in C by means of a bundle of tubes through which water is circulated by the pump A. The 
warm water from the top of the condenser is heated in the coil tank B and then circulates 
in the oven. The condensed solvent is collected in S and rectified. 

The ribbons, which still contain about 10 per cent, of solvent, are next placed vertically 
in compact bundles in cases which are immersed for eight or nine hours in vessels of water 
at 50°. The water discharged from the bath after each operation contains 3 to 4 per cent, 
of alcohol and is discarded. After draining, the strips are kept in a second drier for some 
days, until the percentage of solvent (water, alcohol and traces of ether), is reduced to 
1-3 to 1-8, and are finally exposed to the air for some days under sheds, thus acquiring a 
stable composition, which, together with the ballistic effect, remains unchanged even after 
prolonged storage. 

To obtain uniformity in powder B, strips from different operations are well mixed, the 
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mass being translucent and of a pale brownish-yellow colour. Before being despatched 
it is tested by the ordinary stability tests. 

Waste powder B is utilised by softening it with 150 per cent, of alcohol-ether and adding 
it, little by little, to the mass in the kneading machine. 

During the European War, the Angouleme works in France produced about 120,000 
kilos of the powder per day, the alcohol and ether consumed amounting to some dozens 
of tons ; the Ferrania factory of the Societa Italiana Prodotti Esplodenti had an output 
of 15,000 kilos per day. 


GELATINE DYNAMITES AND SMOKELESS NITROGLYCERINE 
POWDERS 


Gelatine Dynamites, etc. As we have already seen in dealing with the theory of explcf- 
sives, the explosion of nitroglycerine is accompanied by the liberation of unused oxygen; 
on the other hand, it is known that guncotton does not contain sufficient oxygen for the 
complete combustion of the carbon and hydrogen present in the nitrocellulose molecule. 

In 1875, A. Nobel conceived the happy idea of associating the two substances by dis- 
solving in nitroglycerine a certain quantity of soluble nitrocellulose, that is, that used in 
the manufacture of collodion. This procedure gives gelatines of varying consistency accord- 
ing to the quantity of nitrocellulose (collodion-cotton) dissolved. Blasting gelatine is made 
from 90 to 93 per cent, of nitroglycerine and 7 to 10 per cent, of dry collodion- cotton; gum 
dynamites, on the other hand, contain about 97 per cent, of nitroglycerine and 3 per cent, 
of collodion- cotton, and when they are mixed with about one-third of their weight of absor- 
bent substances (wood-meal, rye-flour, sodium or ammonium nitrate) they form the ordinary 
modern dynamites, called gelatine dynamites, which are still plastic, although less so than 
the gum dynamites, and are also less violent, and hence serve well for mining purposes. A 
common type of gelatine contains, for instance, 62-5 per cent, of nitroglycerine, 2-5 per 
cent, of collodion- cotton, 25-5 per cent, of sodium nitrate, 8-75 per cent, of wood-meal, 
and 0-76 per cent, of sodium carbonate (which would be best excluded) ; it has the sp. gi’. 
1-5, is exploded with a No. 3 fulminate of mercury cap, and is sold in Austria for No. I 
dynamite, whilst gelignite is sold for No. II dynamite and contains 45 to 50 per cent, of gum 
dynamite and about 50 per cent, of absorbents as above. 

At Christiania a non- congealing gum dynamite is made from blasting gelatine and a 
little nitrobenzene and ammonium nitrate ; it has a specific gravity of"l*49 and is less 
efiective than the gelatine dynamites. 

For military purposes (torpedoes, cannon, etc.), as much as 4 per cent, of camphor is 
added in Italy, Austria, and Switzerland; these gelatines are thus rendered insensitive 
and very safe, and they require special detonators (e. g., a mixture of 60 per cent, of 
nitroglycerine and 40 per cent, of collodion-cotton or compressed guncotton). 

In certain commercial products the collodion-cotton is replaced by nitrated wood or 
straw, while nitrobenzenes, nitrotoluenes (especially liquid dinitrotoluene), etc., are used 
instead of nitroglycerine.^ 


e impossible at the present time to compare the various commercial brands of dynamite 
of different countries or even of one country, so varied are the types and the ratios of the com- 
ponents, sometimes when the commercial name is the same. Thus No. 1 ammonia dynamite 
(French) contains 40 per cent, of nitroglycerine, 45 per cent, of ammonium nitrate (this, when 
C ^‘^^^yg^oscopic), 5 per cent, of sodium nitrate, and 10 per cent, of wood-meal or wheat- 
flour, the No. 2 quality of the same brand contains 20 per cent, of nitroglycerine, 75 per cent, 
of ammonium nitrate, and 5 per cent, of wood-meal. In Germany, the name Gelatine Dynamites 
4 w prepared from explosive gum (96 per cent, nitroglycerine gelatinised with 

In England, howewr. No. 2 gelatine dyna- 
formed of 65 per cent, of the gum and 35 per cent, of 
bsorbents (75 per cent, nitre, 24 per cent, wood-meal — wood-pulp used for paper in a dried 
state--and 1 per cent, of soda).^ In Austria, dynamite I is made from 65*5 per cent, of nitro- 
aMC?26 per cent, of collodion-cotton, 7-41 per cent, of wood-meal, 24-85 per cent, of nitre, 
Is III cent' of n"? f nitroglycerine, etc., and dynamite 

nrem red g^^^^ine dynamites are called gums, and are 

^ nitroglycerine; gum D with 

fthelastxxdth 4? dynanuite gdatine 1, 2a, %, and 2c 

(the last with 43 per cent, of nitroglycerine, etc.), etc. In Belgium, gelatine dynamites are called 

Se'pef ce^rrSc!'^^^'* contains 74 per cent, of nitroglycerine, superforcite 64 per^ sent., forcite No. 2 
In Englmd the types most commonly used are ; dynamite No. I, with 75 per cent, of nitro- 
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GELATINE DYNAMITES 

Gelatine and gum dynamites have the appearance of plastic masses, the latter, which 
has the sp. gr. 1-6, being especially horny and translucent. Gum djmamite sometimes 
exudes a little nitroglycerine and so loses in shattering force ; when heated for a long time 
at 70°, it swells up, becomes spongy and decomposes with formation of red, nitrous vapours ; 
it sometimes ignites in metal boxes when exposed to the sun. It is less sensitive even 
than dynamite (about six times less) to percussion and special caps of gelatine djmamite are 
required to explode it. It serves well for use in war, since it is insensitive to discharges, 
and to render it still less prone to detonation by influence it is mixed with a little camphor. 
When 20 per cent, of collodion-cotton is dissolved in nitroglycerine, a gum djmamite is 
obtained which is not exploded by the most powerful caps, and ballistite, which contains 
30 to 50 per cent, of collodion-cotton, requires special detonators. After freezing and 
thawing, it becomes more sensitive and dangerous, as is the case with dynamite. It has a 
greater shattering power than dynamite and acts better than this under water, which does 
not wash away the nitroglycerine so easily. Exudation of nitroglycerine occurs more readily 
than with dynamite and causes some degree of danger. It is used as a basis for the manu- 
facture of smokeless powder. Gelatine dynamite is safer to handle and store than ordinary 
dynamite, which it is largely replacing. 

The manufacture of these gelatinised dynamites requires collodion- cotton, which is very 
carefully prepared and is completely soluble in a mixture of alcohol and ether, in addition 
to which it must possess as great a proportion of nitrogen as possible. When it is not well 
prepared, although it dissolves in alcohol and ether, it is not readily and entirely soluble 
in nitroglycerine, or it does not retain the latter completely for a long time. The quality 
of the collodion-cotton depends, then, on the choice of a good cotton and on exact conditions 
of nitration— duration, purity of acids, temperature. 

This should then be finely subdivided {pulped) and dry, so that it can be passed through 
a fine sieve before being mixed with the nitroglycerine, in which it does not dissolve well 
if moist. This operation of gelatinisation and kneading is termed in French petrinage. 
The necessary quantity of nitroglycerine is placed in wide, shallow vessels of copper or 
lead heated externally by hot water (50° to 60°). After thirty to sixty minutes, when 
the temperature has reached 45° to 50°, the required amount of dry, powdered collodion- 
cotton (and the other absorbent substances used for ordinary dynamites, such as cellulose, 
flour, starch, nitrate, etc. ), is added in small quantities and mixed now and then with a 
wooden spade. It is then left for a couple of hours and afterwards thoroughly mixed by 
hand, just as dough is mixed, so as to form a homogeneous, soft paste; this, on cooling, 
forms a more or less hard, elastic, translucent gelatine which constitutes the gelatine or 
explosive gum. If, instead of collodion-cotton alone, absorbents are also used, gelatine 
dynamites are obtained; these are converted into rolls and cartridges with the machines 
already described (p. 284). When the gelatine is not intended for the manufactm-e of 

glycerine ; gelignite with 65 per cent, of gelatinised nitroglycerine (97 per cent, of nitroglycerine), 
25 per cent, potassium nitrate, and 10 per cent, wood -meal; Hasting gdatine with 93 per cent, 
of nitroglycerine and 7 per cent, of collodion-cotton ; gdatine dynamite wdth 80 per cent, of gela- 
tinised nitroglycerine (with 3 per cent, of collodion -cotton), 15 per cent, of potassium nitrate, 
and 5 per cent, of wood-meal. 

In Italy there is dinamite-gomma A (or simply gomma A, corresponding with the French gomme 
extra-forte) formed from 92 per cent, of nitroglycerine and 8 per cent, of collodion-cotton ; gomma 
B (corresponding with the French gomme d la soude) with 83 per cent, of nitroglycerine, 5 per cent, 
of collodion-cotton, 8 per cent, of sodium nitrate, 3*7 per cent, of w'ood-meal, and 0-3 per cent, 
of sodium or calcium carbonate or ochre. Commercially, however, the strength is given in terms 
not of nitroglycerine, but of gelatine, that is, the starting material is taken as a gelatine formed 
by gelatinising 94 per cent, of nitroglycerine with 6 per cent, of collodion-cotton, to w'-hich are 
then added the various absorbents ; thus gomma B contains 88 per cent, of gelatine (equivalent 
to 83 per cent, of nitroglycerine). In Italy the old kieselguhr d;^Tiamite is no longer used and is 
replaced by the so-called gelatine-dinamiti, which are marked wth various letters and numbers ; 
thus No, 0, containing 74 per cent, nitroglycerine, 5 per cent, collodion-cotton, 15*5 per cent, 
sodium nitrate, 5 per cent, wood-meal, and 0*5 per cent, carbonates; (?. D. No. 1, with 70 to 
72 per cent, nitroglycerine, etc. ; 0. D. No. 2, with about 48 per cent, nitroglycerine ; and dinamite 
No. 3, with 25 per cent, nitroglycerine, 54 per cent, sodium nitrate, 19 per cent, wood-meal and 
cellulose, and 2 per cent, soda and yellow ochre. During recent years there have also been pre- 
pared in Italy geZaiuie-dmamiri— suggested by Dr. Leroux— with 8 to 10 per cent, of the nitro- 
glycerine (of No. 1) replaced by as much liquid dinitrotoluene, w'hich gelatinises cotton well and 
gives non-congealing d^mamites, more economical and almost as powerful as, sometimes more 
powerful than, the corresponding gelatine dynamites ; these act well in open mines, but give 
large quantities of unpleasant fumes, and hence are unsuitable for use in galleries, etc. 
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ballistite {see later), the conversion into cartridges is effected by means of an Archimedean 
screw machine (boudineuse), similar to sausage-making machines (Fig. 210). 

The mixing for causing gelatinisation, especially if other substances besides collodion- 
cotton are added, may be carried out in mechanical kneading machines (Fig. 211 ) mounted 
on a wooden platform, b, which can be raised by screws and cog-wheels, g, e, and h, resting 
on supports, a a; on this platform is a double-walled, copper pan, i j, which can be sur- 
rounded with hot water and can be moved on rollers. Above are the bevel-wheels and 

pulleys for working the stirrers, q and 
r. The nitroglycerine is first heated 
to 50° by raising the temperature of 
the water in the jacket of the copper 
pan, the latter being then raised ^o 
as to submerge the stirrers; the 
ingredients necessary to give the 
required type of gelatine dynamite 
are then added. Mixing is complete 
in an hour. Other forms of kneading 
machine are also used, e. g., the 
Fig. 210. Werner-Pfleiderer machine, which is 

employed for smokeless powders and 
for bread-making. After cooling, the plastic dynamite, which has a yellowish, translucent 
appearance, is removed from the kneading machine to a separate building to be converted 
into cartridges. This is done in special machines (boudineuses) (Fig. 212 and 213), 
furnished with endless screws, which force the dynamite or gum from a hole, B, in 
continuous rolls, these being collected in definite lengths in a casing of parchment paper 
or paraffin waxed paper, C. 

B, Military Smokeless Powders. These approach the gum dynamites in character, 
but contain more collodion-cotton, so that they are safer towards shock and useful as 
propellants (only slightly shattering). 

The most important type is that pre- 
pared by Nobel in 1888 under the name 
of ballistite (after he had been preparing 
since 1878 gum dynamite by gelatinising 
nitroglycerine with 6 to 10 per cent, of 
collodion - cotton). Ballistite contains 
about 50 per cent, of nitroglycerine and 
50 per cent., or even more, of collodion- 
cotton (with 11-2 to 11-7 per cent. N). 

The nitroglycerine for ballistite should be 
highly stable (for at least twenty minutes 
at 80° by the Abel test), while the 
collodion- cotton should have a stability , 
of twenty-five minutes at 71° by the 
Abel test ; for the finished ballistite the 
stability should reach thirty minutes at 
80°. To incorporate these two substances 
thoroughly and so that there is no danger 
in the subsequent operations, use is made 
of Lundholm and Sayer’s process, by 
which the constituents are united in 
presence of a liquid able to dissolve 
neither of them. This liquid is merely 

water, 0-6 to 1 per cent, of aniline or phenylamine, or, as suggested by Spica, phenanthrene, 
being added to fix the nitrous acids liberated and thus increase the stability of the 
ballistite. 

The pulped coUodion-cotton, containing 30 per cent, of water, as it comes from the centri- 
fuges (after stabilisation with 15 parts of hot water per 1 part of nitrocotton) is introduced 
into a cylinder of sheet-lead or aluminium containing water at 60°. The mass is well stirred 
by compressed air and the finely divided nitroglycerine passed in by means of a compressed - 



Fig. 211. 
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• air injector. The agitation is continued until all the nitroglycerine is incorporated with 
the cotton, none remaining suspended in the water. The whole mass in then discharged 
into a vessel underneath with walls and bottom of fine brass gauze or silk. When it has 


drained well, the material is removed 
and left in heaps for some weeks in 
order that the gelatinisation may be 
completed. The further treatment 
consists of coarse sieving, centrifuging 
to remove non-incorporated water, and 
a first rolling between two rolls almost 
touching and heated to about 50 to 
60° by rneans of internal steam (Fig. 
214). It is thus obtained in thick non- 
homogeneous leaves; to the material 
used to form these leaves are added 
cuttings and waste of finished baliis- 
tite, which is first softened by immer- 
sion for some hours in tepid water. 
The leaves are then rolled a second 
time between rolls which are more 
exactly calibrated and adjustable {see 
Fig. 214 a), and are heated, thinner 
sheets of definite thickness being thus 



obtained. All extraneous bodies 


Fig. 212. 


(scraps of wood, paper, cotton, etc.) 
are removed by forceps and the sheets 
are examined against the light to detect 
any other heterogeneous particles. 

The baUistite is then cut into 
strips and these into squares, which 
are seasoned or stabilised by spreading 
them on cloth under sheds and leaving 
them for two or three weeks, after 
which the material undergoes no 
further change, and is ready to be 
tested and stored. 




Fig. 214. 


Fig. 214 «. 


BaUistite is almost brown in colour, has the sp. gr. 1*63 to 1*65, and is practically 
unaffected by moisture; it inflames at 180° without exploding. The gases formed in its 
explosion contain no nitrous vapours and do not corrode the firearms to any extent. Such 
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corrosion is caused especially by the. very high temperature produced by the explosion of 
the ballistite and by the friction of the hot gases. 

With lapse of time a very small part of the nitroglycerine appears to evaporate, the 
strength and properties of the ballistite being thereby modified. For this reason ballistite 
is replaced to some extent by solenite and cordite, which contain less nitroglycerine.^ 

With some smokeless powders, attempts have been made to replace the nitrocellulose 
by nitrated starch and the liquid solvents by the corresponding vapours, but no advantage 
has yet been procured in this way. Explosive gelatines may also be obtained by adding 
metallic nitrates (of barium or potassium) to the collodion-cotton ; these have diminished 
power but possess the advantage of being readily inflammable. Mixtures of collodion- 
cotton and nitropentaerythritol have recently been prepared for the use of large-bore 
artillery. ^ 

PROPERTIES OF SMOKELESS POWDERS. Those formed of iiitro- 
cellulose alone are hard ; ballistite is not so hard, and even in thick strips can 
be bent and then broken like a very hard paste. They are very resistant to 
the action of water and so have a great advantage over ordinary black powders, 
which are destroyed by water. They also possess the advantages of a high 
density, T6 or more {see p. 262). 

The velocity imparted to the projectile increases with the percentage of 
nitrogen in the smokeless powder ; for one and the same velocity, the explosive 
which develops the lowest pressure causes the least wear of the. barrel and is 
also the most safe. 

Whilst Vieilie’s smokeless powder (gelatine of pure guncotton) withstands 
all ordinary conditions of temperature and moisture, ballistite, on the other 
hand, gradually loses nitroglycerine and so undergoes change of its properties 
if the humidity of the atmosphere oscillates much. These conditions are, 
however, rarely met with in practice, and ballistite is used not only by the 
Italian army and navy, but also by other Governments, and is in some ways 
superior to the cordite used in the British and also, to a certain extent, in the 
Italian armies. In 1906, the proportions of the components of cordite were 
varied slightly and the form altered to that of ribbons, being then known as 
axite. Smokeless powders withstand the blow of a projectile and require special 
detonators, fulminate of mercury not giving good results. They are exploded 
by compressed guncotton caps, which in their turn are exploded by fulminate 
of mercury. 

If accidentally ignited, smokeless powders are not very dangerous, since 
they do not explode, but regard must be paid to the very high temperatures 
(above 3000°) produced, as these will melt iron, stone, etc. 


^ Cordite, prepared by Abel in 1889, is a smokeless powder in filaments like hollow twine. 
Modem cordites contain 65 per cent, of guncottmi (not collodion-cotton), 30 per cent, of nitro- 
glycerine, and sometimes 5 per cent, of vaseline. Guncotton, which is insoluble (to the extent 
of 90 per cent. ) in alcohol, ether, or even nitroglycerine, may also be gelatinised by the action 
of a common solvent, e. g., acetone, which gives a colloidal solution persisting even after evapora- 
tion of the solvent. The dry guncotton is first mixed by hand with nitroglycerine, the mass being 
then introduced into an ordinary kneading machine, which is of bronze and is Jacketed to allow 
of water-cooling; the acetone (20 kilos per 100 kilos of the paste) is then added and kneading 
continued for at least 3 hours, after which the vaseline is mixed in for some time. The mass tends 
to heat and must be cooled. At the end of the operation, lumps of the paste, roughly cylindrical 
in form, are introduced into the cylinder of the cordite press, which is similar to that used for 
making macaroni. The threads of varying thickness, length, and shape of cross-section thus 
obtained are then dried at 40° for five to eight days, and afterwards left for three or four weeks 
in the air to undergo stabilisation. 

Solenite, prepared in a similar maimer in thin threads, is used in Italy as a rifle powder, and 
consists of 36 per cent of nitroglycerine, 61 per cent, of nitrocellulose (one-half guncotton and 
one-half collodion-cotton), and about 3 per cent, of mineral oil. 

_ Powder C2, made in England by Messrs. Chilworth and also, since 1910, by the Nobel Dyna- 
mite Company of Avighana, resembles cordite, and consists of 70*5 per cent, of nitrocellulose 
(two-thirds collodion, one-tMrd guncotton), 23'6 per cent, of nitroglycerine, 5 per cent, of vaseline, 
and 1 per cent, of sodium bicarbonate ; gelatinisation is facilitated by the use of acetone. 
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Picnic ACID 

SMOKELESS AND FLAMELESS EXPLOSIVES. From a mHitary i>oint of view 
a great advance was made Ly the replacement of black powder by smokeless powders, since 
the latter do not obscure the artilleryman’s view and also render difficult the exact location 
of the battery by the enemy. It still remained possible, however, especially at night-time 
and with large guns, to determine the position of these, since, as the projectile leaves the 
muzzle, the hot gases resulting from the explosion extend into the air, producing flames 
50 cm. or even a metre in length. A few years prior to the European War successful 
attempts were made in various countries (Germany, Roumania, etc. ) to eliminate these 
flames almost^ completely by addition to the explosive of certain substances, especially 
small proportions of diphenylamine, diphenyldimethylurea, neutral ammonium oxalate, 
etc. Herein probably lies the reason why the big German guns were able to fire on 
Dunkirk and Paris from a distance of a hundred kilometres without discoverv. 

Analogous results are obtained with the so-called safety mine explosives "(fiee p. 305). 

In 1906 Duttenhofer patented the addition of potassium bicarbonate to smokeless 
powders to diminish the flame, but the results thus yielded are not highly satisfactory. 

Stoibilis&TS foT smokeless powdefs ctnd dynamites. To render these explosives physically 
more stable, that is, less sensitive to shock, it is sufficient to mix intimately with them 
paraffin wax, vaseline, camphor [see celluloid), mineral oil, castor oil, etc., in more or less 
large proportions (1 to 10 per cent.). 

To stabilise explosives chemically by retarding or preventing their spontaneous decom- 
position, various additions are made. Thus, after the first cases of such decomposition 
with powder B, Vieille suggested the addition of a little amyl alcohol (2-4 per cent. ), which 
doubled the stability ; in 1896 it was found that a far higher stability still was eftected by 
2 per cent, of diphenylamine. Aniline, which acts similarly but less efficaciously, has long 
been added to ballistite. The last stabilisers have the property of fixing any traces of 
nitrous acid formed during the slow decomposition of the powder, thus preventing I'ise of 
temperature and slackening the decomposition. These substances are, of course, sometimes 
used to mask incipient decomposition at the time the explosives are to be examined. 

Of the numerous other stabilisers suggested, the following, which have given good 
results, may be mentioned: ammonium and sodium ammonium oxalates, urea, nitro- 
guanidine and mercuric chloride (this only masks the reactions by which the stability is 
controlled). 

SHATTERING EXPLOSIVES 
AROMATIC NITRO-DERIVATIVES : PICRATES 

PICRIC ACID [melinite, skimose, lyddite, pertite). As early as the fifteenth 
century an alchemist obtained an explosive substance by treating a kind of 
tar with aqua regia, but this acquired no importance in comparison with ordinary 
gunpowder. The explosive properties of picric acid, CeH 2 (N 02 ) 30 H, and its salts were 
studied in the second half of the nineteenth century and assumed considerable importance 
when, in 1886, Turpin prepared melinite from 70 per cent, of picric acid and 30 per cent, of 
collodion- cotton previously rendered soluble with alcohol and ether; this w^as regularly 
used for some years by the French army in place of dynamite. At the present time fused 
picric acid (m.-pt. 122°; sp. gr. 1-64-1-66) is poured into cartridges containing a fulminate 
of mercury cap and powdered picric acid. The manufacture of picrc acid from carbolic 
acid, and also its properties, are described in Part III (chapter in Aromatic Nitro- 
derivatives). 

Weight for weight, picric acid is less effective than dynamite, but, measured by volume, 
its power is greater than that of dynamite, the specific gravity of which is T5. It has also 
the advantage over dynamite in that it does not freeze, being already in the solid state. 

In England, melinite was followed in 1888 by lyddite, containing about 87 per cent, of 
picric acid, 10 per cent, of nitrobenzene, and 3 per cent, of vaseline. This is poured in a 
molten state into the cartridges and is exploded with ammonium picrate detonators ; it is 
highly resistant to shock. It undergoes decomposition fairly readily, giving poisonous gases, 
containing about 61 per cent, of carbon monoxide and 13 per cent, of carbon dioxide. For 
this reason picric acid and all similar compounds cannot be used in the galleries of mines. 
The ease with which picrates form in contact with iron, lime etc., has led to many disasters, 
since picrates are readily exploded by shock. The insides of bombs and projectiles to be 
charged with picric acid are varnished, as also are the capsules for the caps. Fusion of 
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picric acid is carried out in aluminium vessels; at a temperature somewhat above the 
melting-point, picric acid is highly sensitive and dangerous. 

During the European War, in order to increase, the quantity of explosive with a basis 
of picric acid, use was made on an enormous scale of a fused mixture of 60 per cent, of 
picric acid and 40 per cent, of dinitrophenol (m.-pt. 111-5*^ ; for preparation, see Part HI). 
This has explosive powers almost equal to those of picric acid, and is more stable and less 
dangerous to handle, while it has the great advantage that its melting-point is below 90°, 
that of picric acid being 122 °, Further, for this mixture use may be made of moist picric 
acid, since the water separates completely and floats on the mass during the fusion; the 
danger involved in drying the picric acid is thus avoided. 

TRINITROTOLUENE. Some years before the European War picric acid had been 
replaced in Germany, Italy and, partly, in England by trinitrotoluene, which melts ^t 
80*5° and has the same power, but is more stable and less dangerous to make and to handle ; 
further, it does not combine with metals. Part III contains a description of the properties 
and manufacture of this product, which was used during the war on a vast scale by all 
the belligerents. 

Another explosive which was largely used in the war and is cheap, easily prepared, safe 
to handle, and moderately powerful, consists of an intimate mixture of 12 per cent, of 
dinitronaphthalene (a mixture of various isomerides, see Part HI) and 88 per cent, of 
ammonium nitrate ; the mixture was compressed, but not excessively, in the projectile. 
This product (and others similar) was patented in 1885 by Favier and in France, during 
the war, bore the name schieiderite, being made at the Creusot works of Messrs. Sclmeider ; 
in Italy it was made by the Society Italiana Prodotti Esplodenti (S.I.P.E. ) of Cengio and 
was termed siperite. 

Various other mixtures with bases of atomatic nitro-derivatives (nitrocresols, etc.) were 
used during the war. 

SPRENGEL EXPLOSIVES. In 1871 H. Sprengel, starting from the fact that explosion 
is nothing but instantaneous combustion, conceived the idea of preparing explosives by 
mixing a readily combustible substance with one possessing considerable oxidising pro- 
perties ; the substances separately are not explosive, but become so when mixed, mixing 
taking place only at the spot where the explosive is to be used. 

In January 1871, a few months before Sprengel’s discovery, Silas R. Devine had prepared 
and used a mixture of potassium chlorate and nitrobenzene, but he kept the process secret ; 
in 1880 he prepared racharock powder, formed by mixing the potassium chlorate and 
nitrobenzene just before use [see below). 

This idea was taken up later by Hellhofif, who mixed nitric acid with nitrated hydro- 
carbons, and more effectually by Turpin and by R, Pictet, who mixed nitrogen peroxide 
(N 2 O 4 ) with various nitrated organic compounds and also with CSg {pandastite, fulgurite, 
etc. ), but these explosives never came into practical use. 

Another form of explosive of the Sprengel type is that with ammonium nitrate as base ; 
this has been largely used during recent years and is five or six times as powerful as 
gunpowder. 

The most important of these explosives is Favier powder (1885), which, in its different 
forms, usually consists of a mixture of ammonium nitrate and nitronaphthaleiies, and 
sometimes contains also sodium nitrate, aluminium, etc. (see later : Prometheus Powder). 

CHLORATE AND PERCHLORATE POWDERS 
(Partly of the Sprengel type) 

CMorafe powders, first proposed by Berthollet in 1785 to obtain greater power, and 
containing potassium chlorate instead of nitre, have not been very successful, and 'even 
when a part of the nitre is restored, accidental explosions often occur, owing to the great 
sensitiveness to shock. In America, Devine (1881) retains the potassium chlorate^ut 
keeps the ingredients of the powder separate until required (as is done with the Sprengel 
explosives (see above); thus radcaroch for blasting contains 79 per cent, of potassium 
chlorate and 21 per cent, of nitrobenzene (liquid), mixed sometimes with picric acid, sulphur, 
etc. These powders are rendered less sensitive to shock by mixing with a little wax (e. g.] 
Branks powder). In 1896, at St. Petersburg, Jevler prepared promeiheus from a solid 
portion (90 per cent, potassium chlorate -f 10 per cent, of manganese dioxide + a little 
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ferric oxide), and a liquid portion (55 per cent, of mononitrobeiizene — IS pt-r cent, of 
turpentine oil + 27 per cent, of naphtha) ; a factory for this explosive ^vas erected in Italy 
in 1905, but it was destroyed by a terrific explosion in 3909, ten persons being wounded 
and five killed. In 1901 donnar was placed on the market; it contains 56 per cent, of 
chlorate and 24 per cent, of potassium permanganate for the solid part, and 16 per cent, 
of nitrobenzene and 4 per cent, of turpentine for the liquid part. Also nitronaphthalene 
and castor oil (5 to 8 per cent.) are used to render the mixture more stable, e. g., with 
cheddite and with, pier rite : 80 per cent, of chlorate -f 12 per cent, nitronaphthalene -f 6 per 
cent, castor oil + 2 per cent, picric acid (or, better, 2 per cent, dinitrotoluene j, the whole 
being well mixed ; this powder has double the power of ordinary blasting powder. 

To replace dynamite, miedzianJdte, consisting of 90 per cent, of chlorate and 10 per cent, 
of petroleum, has been suggested (1912). 

More advantageous still are thought to be the potassium perchlorate poivders {Nisser 
powder, 1865, contains: perchlorate, 10-5; nitrate, 44-5; bichromate, 2; ferrocyanide, 
1-5; sulphur, 15-5; charcoal, 19-5; and vegetable substances, 6-5 per cent.). Better still 
are those containing ammonium perchlorate, recently invented by U. Alvisi {manliayiite : 
72 per cent, perchlorate, 14‘75 charcoal, 13*25 sulphur; Cannel powder : 80 per cent, of 
perchlorate, and 20 per cent, of carmel coal; cremonite, with 48*85 per cent, of ammonium 
perchlorate, and 51*15 per cent, of ammonium picrate ; and the hrntites obtained by mixing 
perchlorates with nitroglycerine and with nitrocellulose). Perchlorate pow’ders should be 
used cautiously, and to render them less sensitive without imparing their great shattering 
power, they are mixed with urea, guanidine, dicyanodiamidine, etc. ; if nitrate is added, 
the chlorine is partly fixed, and the explosions then obtained are especially suited to mines 
with thin and extended seams. Hydrogen chloride also is formed to some extent in the 
explosion ; 2NH^C10^ = 2HCi -p 2N 4- 3 H 2 O 4- 50, the theoretical temperature of the 
explosion being 1084° and the volume of gas liberated 1615 litres of gas per kilo of the 
explosive. 

In 1905 a patent w'as taken out for a powder containing 47 per cent, of ammonium 
nitrate, 1 per cent, of charcoal, 30 per cent, of orthonitrotoluene, and 20 per cent, of very 
finely powdered aluminium, the w^hole being compressed under a pressure of 5000 kilos 
per square centimetre, and then moistened with nitrotoluene in a water-bath at 67°. 

SAFETY EXPLOSIVES (for Mines Rich in Firedamp).^ Firedamp {see p. 34) is a 
mixture of methane and air and is formed particularly in coal-mines. It burns at 450° 
and inflames at 650° ; in presence of spongj^ platinum it burns even at 200°. For ignition 
to occur, a certain time — at least some seconds — is necessary. For instance, at 650° about 
10 seconds elapses before the explosive mixture ignites, wflilst at 1000° ignition occurs in 
1 second. This explains wfly, for example, the gases produced at a temperature of 2000° 
by shattering explosives do not always fire the explosive mixture, the explosion occurring 
with enormous rapidity (scarcely measm-able). The danger of ignition is diminished by 
decrease of the quantity of gas formed, i. e., of explosive used for each charge; the very 
hot gases produced expand rapidly and become cooled, so that they are unable to cause 
ignition of the firedamp. Further, if the heat of the gases is efficiently utilised to give the 

^ The frequent explosion.^ occurring in mines have led scientific men to make attempts 
to mitigate their effects and to render them less common. In the tremendous explosion 
of March 10, 1906, in the Courriere mines (France) there w’ere 1000 victims, 600 being 
killed; thirteen workmen w^ere rescued alive after twenty days. Commissions have been 
appointed in France (1880), Russia (1887), Austria (1891), and other countries. In England 
the question has been studied by Macnab (1876) and Abel (1886); in France by Mallard and Le 
Chatelier (1883), Watteyne, etc.; in Germany by Winckhaus (1895), very systematically by 
C. E. Bichel and Mettegang (1904-1907), w’ho devised various ingenious forms of indicating 
apparatus, Beyling (1903-1907 ) and Heise (1898); and in Austria by Siersch (1896), Bohm (1886), 
Mayer (1889), and Hess (1900). 

The studies of Bichel more especially have' shown that the safety of an explosive for use in 
mines (especially coal-mines ) depends simultaneously on several factors, each of which must lie 
within definite limits, excess of one of these not being able to compensate for deficiency of another. 
Thus, for example, ordinary Hack powder, wbich has almost all the requisites of a safety explosive, 
cannot be employed, for the sole reason that the duration of its flame is too long and so renders it 
dangerous. The principal factors establishing the safety of an explosive are : velocity of explo- 
sion, temperature of the gases formed, length of the flame, duration of the flame, and quantity 
of explosive used in each explosion. The results of experiments made in England and America 
up to 1913 show that the safety of mine explosives is influenced also by the diameter of the 
cartridge, the density of the charge, the granulation, the tamping, and the degree of moistness 
of the air. 
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maximum amount of meclianical work (splitting of the rock), the risk of firing is diminished ; 
hence follows the necessity of a good tamping for each charge in order that the escape of 
the gases without performing work may be prevented. 

Explosion in the open is more likely to ignite j&redamp. In mines the use of a powerful 
detonator is advantageous, in order that the explosion may be sharp and rapid. Mine 
explosives should contain sufficient oxygen to produce only COg and not the poisonous CO. 

Instead of calculating the temperature and duration of explosion, it is preferable in 
practice to make direct experiments with small cannons placed against a rock at the bottom 
of a long, wide iron tube or test-chamber (20 cu. metres), containing an explosive gas. Dis- 
charge of the cannons should not ignite the gas if the explosive is safe. In France it is 
prescribed by law that in mines explosives must be used which give gases of maximum 
degree of oxidation but no inflammable gas (CO, Hg) or solid carbide : further, the tempera^ 
ture of detonation, calculated according to a formula of Mallard and Le Chatelier, must not 
exceed 1500° (or for certain piercing operations, 1900°). 

Gunpowder, dynamite, and blasting gelatine readily cause explosion of firedamp in 
mines, their temperatures of explosion exceeding 2200° (as shown by Mallard and Le 
Chatelier).^ In order to meet the req^uirements of a safety explosive, various ingenious 
processes are employed to lower the temperature of the gases from the explosion sufficiently 
to prevent them giving a flame. The charges are wrapped up and the tamping made with 
water or with gelatine containing 98 per cent, of water (or with special sponges saturated 
with water, etc.). Salts containing much water of crystallisation have also been used 
for tamping, but without good results, the tamping being simply projected to a distance 
without evaporation of the water. A safer plan consists in mixing the explosive directly 
with such salts, the water of crystallisation then evaporating with considerable absorption 
of heat, at the instant of explosion. Finally, use is made of explosives with ammonium 
nitrate as base, the temperature of explosion of the nitrate being only 1130° and the reaction 
occurring thus : = Ng + 2 H 2 O -f 0. Since, however, the explosive effect of 

ammonium nitrate is small, it is combined with other substances, e. with dynamite or 
with Favier’s explosive. In some cases, in addition to the nitrate, ammonium chloride is 
used, this undergoing dissociation with absorption of heat from the gases. 

To lower the temperature of the flame, and especially to obtain smokeless and flameless 


' Dynamite and especially gunpowder, if exploded without tamping, -will certainly ignite 
firedamp or even the coal-dust suspended in the air of coal-mines. The dangeris diminished, but 
not excluded, by tamping, so that even in 1853 the Englishman Elliot suggested replacing the 
explosives by quicklime, a large compressed charge of which is placed in a cavity in the rock ; 
the pipe from a pressure water-pump is then introduced and a good tamping effected. The water, 
coming into contact with the lime, increases the volume of the latter two to fi^?e times, and, with 
the steam formed at the same time, pressures of 500 atm os. can be obtained. In 1880 the use of 
lime cartridges was fairly general in mines, but they were abandoned later owing to the unsatis- 
factory results given. !No^ better fortune befell cartridges of quicklime, water, and sulphuric 
acid, or powdered aluminium and sulphuric acid (which develop hydrogen), or chlorine and 
ammonia compressed separately and then united, or compressed explosive mixtures of oxygen 
and hydrogen. In 1876, Macnab suggested tamping gunpowder charges with water, but this did 
not always prevent explosion of the firedamp ; the same system applied to dynamite by Abel in 
1886 gave better results. In some cases, the water is replaced by moist substances (sand, moss, 
etc. ), winch yield good results. 

In mines which give much coal-dust there is the greatest danger of disaster when large charges 
(of more than 100 to 150 grams) are used, and when the coal contains 22 to 35 per cent, of volatile 
products. 


Although firedamp ignites at 650°, explosives can be used which have a temperature of 
e^losion only slightly below 2200° [rohurite, 1616°; westfhalite, 1806°; carioniies for coal- 
mines, 1820 to 1870 , etc.), since the gases cool on expanding. Even these explosives are, how- 
n the charges are large (above 300 grams for roburite and westphalite, and above 
^ carbonites ), since then a momentary pressure on the air is developed (especially 

II the velocity of e^losion is high) and a decided rise of temperature. Explosives which, in 
charges of bOO to 800 grams, do not igmte the explosive mixture in the test-chamber, may be 
saiely used in fiery mines. 

Ihe length and duration pf the flame of the explosion are, however, of the greatest importance, 
and ordinary black powder is, as stated above, very dangerous in such mines oiving solely to the 
marked duration and length of the flame. More dangerous still are those explosives which cause 
considerable dilatation ol the leaden blocks {see later. Fig. 230, p. 317), and those which give, 
among their products^ of explosion, carbon monoxide and hydrogen, but not oxygen, since these 
(rapidly) withdraw oxygen from the flame of the explosive and almost stifle it. 
f 1 ® y explosive ceases to be such if it is not always prepared with the same care and of 

eqnalumformity from the same materials. ■ x- r 
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powders, addition of nitrodicyanodiamidine or dicyanodiamide (see Vol. I., p. 371) has 
been tried with success. Use has also been made of vaseline, oil of paraffin, camphor or 
2 to 5 per cent, of sodium oxalate, tartrate, or citrate (Ger. Pat. 243,846). 

Various kinds of such explosives give good results, e. g., grisounite, containing 44 per 
cent, nitroglycerine, 12 per cent, nitrocellulose, and 44 per cent, crystallised magnesium 
sulphate (MgSO^d- ^H^O); also roburUe, with 82 per cent, of ammonium nitrate and 18 
per cent, of dinitrobenzene ; Nobel’s ivetter-dynamitef with 53 per cent, nitroglycerine, 14-3 
per cent, kieselguhr, and 32*7 per cent, magnesium sulphate; securite, with 37 per cent, 
ammonium nitrate, 34 per cent, potassium nitrate, and 29 per cent, nitrobenzene ; westplialite, 


Pig. 215. 

100 grams of Gelatine Dynamite 


Pig. 216. 

100 grams of Dynamite (Kieselguhr) 


Pig. 217. Fig. 218. Pig. 219. 

100 grams Roburite 100 grams Carbonite 100 grams Grisounite 

containing 94 per cent, ammonium nitrate, and 6 per cent, resin; carbonite, with 25 per cent, 
nitroglycerine, 40 per cent, wood-meal, 30-5 per cent, potassium nitrate, 4 per cent, barium 
nitrate, and 0-5 per cent, sodium carbonate; ammoncarhoniie contains 82 per cent, of 
ammonium nitrate, 10 per cent, of potassium nitrate, 4 per cent, of nitroglycerine, and 
4 per cent, of wheat flour; vigorite, containing 30 per cent, nitroglycerine, 49 per cent, 
potassium chlorate, 7 per cent, potassium nitrate, 9 per cent, wood-pulp, and 6 per cent, 
magnesium carbonate. Even these substances are not, however, safe in the absolute 
sense of the word; with such additions of inert products, the explosives lose in force but 
gain in safety. 

In 1896 Schone weg, and then Siersch, starting from the hypothesis that the smaller the 
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Fig. 220. 

100 grams Gelatine Dy- 
namite, with tamping 
of wet paper 
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flame produced in an explosion, the safer will be the explosive, photographed, on dark 
nights, the flames produced by the free explosion of 100-gram cartridges. As will be seen 
from Figs. 215 to 220, these flames are of value, although they are 
not absolutely decisive, since the non-luminous (ultra-violet) rays 
also act on the photographic plate. In Fig. 215 is seen a small 
luminous spot detached from the principal flame, this being due 
either to the surrounding gas being rendered incandescent by the 
shock of the explosion, or to subsequent inflaming of the gases of 
the explosion. 

DETONATORS AND CAPS 

FULMINATE OF MERCURY, (C : N • O^Hg, the composi^ 
tion and constitution of which are given later [set Fulminic Acid), 
was discovered by Howard in 1799, and studied as regards its 
constitution by Gay-Lussac, Liebig, Gerhardt, Kekule, etc. The 
first mercury fulminate cap was made in 1815 by Burs Egg. Its 
manufacture requires great care and exact proportions of the 
reagents. So long as fulminate of mercury is moist it presents no danger, but it must be 
handled with extreme care when dry. 

It is best prepared by Chandelon’s process : into a glass vessel of about 4 litres capacity 
is placed 100 grams of mercury, to which is added 1000 grams of nitric acid of 40° Be. 
(sp. gr. 1-383), the liquid being stirred until all the mercury is dissolved. The greenish 
liquid is allowed to cool to about 20° and is then poured into a flask of at least 5 litres 
capacity containing 635 grams of 90 per cent, alcohol ; bumping or fuming of the liquid 
is of no consequence. Very soon the liquid begins to boil spontaneously, to become 
decolorised and to evolve gas and white poisonous vapours (CO, ethyl nitrate and acetate), 
and then yellow vapours of nitrogen peroxide. 

The mass darkens slightly, and when the maximum fuming occurs, 80 grams of 90 
per cent, alcohol are added a little at a time, and then a further quantity of 55 grams of 
alcohol, the boiling being thus somewhat attenuated. After it has been left until the 
white vapours have disappeared, there appears on the bottom a voluminous whitish powder, 
which is the fulminate of mercury. The operation lasts altogether fifteen to twenty minutes, 
and should be carried out under a hood with a strong draught, or else the flask should be 
fitted with a stopper and wide delivery tube to carry the vapours to a flue. The product 
is poured on to a filter, washed ten to fiifteen times with water — until the wash- water no 
longer shows an acid reaction — and the filter with the fulminate spread out on other 
absorbent paper in the air (not in the sun) until it is almost dry (about 20 per cent, of 
moisture being left, since then it may be kept safely in cardboard boxes). To dry it 
completely and safely, vacuum drying-ovens at a temperature below 40° are now used. 

The reaction between alcohol and mercuric nitrate begins only in presence (that i.s, 
after the formation) of nitric oxide, the alcohol being then converted into aldehyde ; indeed, 
if the alcohol is replaced by acetaldehyde the reaction proceeds better and more completely 
(Mum’oe, 1912). 

Theoretically 100 grams of mercury should yield 142 grams of the fulminate, but practi- 
cally about 125 to 128 grams are obtained. The preparation of 1 kilo of fulminate requires 
8 kilos of alcohol, which is only partially recovered by passing all the vapour emitted during 
the reaction into a vessel of water. In the dry state, it is sold at 95. 6d. to 125. per kilo ; 
when not used at once, it is stored under water. If necessary, it may he purified by dis- 
solving in hot water (solubility 1 : 130), from which it crystallises on cooling. It is whitish 
or sometimes faintly yellow (if a small quantity of HCl or NaCl is added to the nitric acid 
used in its manufacture, white crystals are obtained), poisonous and soluble in alcohol- 

^ The filtrate and the wash-water are utilised by first neutralising with milk of lime or calcium 
sulphide (or by decomposing with hydrochloric acid); from the precipitate the mercury is 
recovered, whilst witherite is added to the liquid to form barium nitrate ; the alcohol is recovered 
by distillation. 

2 Analysis of Fulminate of Mercury (Brownsdon’s method) : the fulminate is first purified 
by dissolving it in potassium cyanide and reprecipitating it with dilute nitric acid ; it is filtered, 
carefully dried, and a weighed quantity of 0-04 to 0-06 gram dissolved in 30 c.c, of water. One 
gram of thiosulphate is then added and the liquid shaken and made up to 100 c.c. with water. 
The free alkali in 25 c.c. of this solution is then estimated by titration with N/lO-sulphuric acid 
in presence of methyl orange as indicator. 
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It has an extraordinary shattering power owing to its very great rapidity of explosion. 
It is exploded by a blow or by brisk rubbing, and gives a pressure of 27,400 atmos. When 
heated slowly it explodes at 152°. All objects used in its manipulation must be of wood, 
not of iron. Since it is scarcely ever used alone for preparing caps, but is mixed with 15 to 
20 per cent, of potassium chlorate and about 25 per cent, of antimony sulphide, it is some- 
times, in order to avoid explosion, made into a paste with a thick solution of gum, the 
required quantity being poured into each copper cap (which contains about 15 or 20 mgs. 
of fulminate for sporting caps, or 1 to 1-5 grams for caps to be used with d3niamite cartridges) , 
these being then very carefully dried in vacuum drying ovens. When, however, these 
mixtures are prepared in the dry state, in order to prevent explosion the mixing is carried 
out in the apparatus shown in Figs. 221 and 222. In a leather box, e, a leather bag, / (the 
>so-called jelly-bag is suspended by the loops, attached to the gutta-percha ring, g. 
To the bottom of the bag and to the ring, g, are joined several cords on which are 



Fig. 221. 




threaded rubber rings, alternately large and small. Another cord, n, attached to the 
lever, p g s, admits of the bottom of the bag being raised and lowered so as to mix the 
ingredients. When mixing is complete the bottom of the bag is drawn completely up, so 
that the contents fall into the space between the bag and the box and thence into the 
collecting vessel, v. 

The workman is protected from the effects of a possible explosion during the operation 
by a semi- cylindrical wrought-iron screen, The caps are then very carefully charged 
by compressing the mixture with a suitable machine or press, which gives a pressure rising 
gradually to 260 atmos. (pure fulminate will stand 7000 atmos. without exploding, but in 
presence of other substances, e. g., sand or coke powder, or other hard body, it will explode 
with a very small pressure). During the charging the operative is always sheltered by 
iron screens. 

DETONATORS (Caps, Fuses). Detonators serve to produce explosion of explosive 
substances. For black powders it is sufficient to produce a spark in the mass by means 
of a heated fuse, but with nitroglycerine or guncotton explosives, neither the fuse nor the 
black powder causes explosion, ignition being the most they produce. In these cases 
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use is made of fulminate of mercury caps, which, explode by simple percussion or heat, and 
produce a true explosive wave capable of inducing the instantaneous decomposition, i. e., 
the explosion even of large masses of explosive, provided that the cap is of suitable size ; 
if, however, too little fulminate is used, part of the charge does not explode. Moist or 
‘paraffined compressed guncotton requires more powerful caps of dry guncotton, these 
being then exploded by fulminate of mercury detonators. 

Ignition caps, unlike detonating caps, contain also a little potassium chlorate. 

Smokeless powders require ignition caps with a very hot flame, which is obtained by 
adding to the fulminate a combustible substance or, as proposed by Brownsdon and the 
King’s Norton Metal Company, a little powdered aluminium. 

In 1900 Bielefeld found that it suffices to place a small quantity of mercury fulminate 
on trinitrotoluene or other aromatic nitro-derivative to obtain an excellent detonator^ 
and in Germany a large proportion of the caps have a basis of trinitrotoluene. Tetranitro- 
meihyhniline [tetryl) is also manufactured as a ’detonator. According to Wohler and 
Matter (1907), the fulminate may be replaced by a small amount of silver azide, and in 
1908 Hyronimus suggested lead azide, Bb(N 3)2 [see Vol. I., p. 376) as a substitute, but this 
is not always advantageous. 

Whereas formerly, for kieselguhr dynamite, use was commonly made of fulminate 
caps No. 3, and only in exceptional cases of No. 5 (double strength), nowadays, especially 
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Fig. 225. 

for safety explosives. No. 6 caps are mostly employed, and sometimes No. 8 (2 grams of 
mercury fulminate) to obtain complete explosion. 

The explosion of detonators or caps, and hence of the cartridges or charges of explosive, 
both in blasting and military operations, is effected electrically or with fuses. 

Fuses should burn with a definite velocity, so as to allow the miners to reach a place of 
safety before the explosion. This requirement is satisfied by the BicJcford fuses (devised 
in 1831 by the Englishman, Bickford). These consist of a compact cord prepared in a 
special manner from jute or cotton threads, which are spun round one another in opposite 
directions and are rendered impermeable by tar or gutta-percha. These fuses or cords, 
5 mm. thick, have an empty central core, which is then filled with finely granulated, com- 
pressed powder. They then burn with a velocity of 1 metre in ninety seconds. To explode 
black powder, it is sufficient to fix the fuse into the mass of the charge, which explodes as 
soon as the flame reaches it. 

These Bickford fuses became of practical impor^jance only in 1867, when the use of 
dynamite in mines commenced. 

For dynamite, gelatine dynamite, and explosive gums or gelatines, use is made of a 
fulminate of mercury detonator which explodes a dynamite cartridge^ this then causing 
explosion of aU the other cartridges (without caps) surrounding it. The fuse is cut clean 
and introduced into the bottom of the copper cap containing the fulminate, and is fixed 
to the cap by squeezing it with suitable pincers (Fig. 223). The parchment paper at one 
extremity of the cartridge is then opened and the cap thrust into the cavity left for it 
(Fig. 224), the paper being then tied tightly round the fuse with string so that the cap and 
fuse cannot become detached from the cartridge (Fig. 225). 
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VARIOUS POWDERS 

Ordinary fuses, wMch are very irregular, are obtained by soaking soft cotton cord with 
lead or potassium nitrate ; such fuses must be weU dried before use, as they are hygro- 
scopic. The cord may also be impregnated with a paste of gum and fine black powder and 
then dried. Almost instantaneous fuses may be made from guncotton. 

The importance of tamping after the introduction of the cap into the charge has already 
been mentioned ,* if the explosion is carried out in the open, the charge is covered with earth 
or stones. 

Electric fuses are used, especially for dynamite and fulminate caps, and serve well for 
producing the simultaneous explosion of several charges, this giving a greater effect than 
separate explosions ; they are also useful in galleries which contain firedamp, as the latter 
would be exploded by a burning fuse. A spiral of thin platinum wire is fixed in contact 
fvith a little dry guncotton above the fulminate of the cap. The two ends of the wire are 
connected separately with two insulated wires joined to a small battery, accumulator, or 
hand dynamo, which heats the wire and so causes explosion. Use is often conveniently 
(since the fragile platinum spiral is eliminated) made of an electric spark formed between 
two platinum points very near to one another in a mixture of potassium chlorate and 
antimony sulphide contained in the cap ; in this case the sparking is effected by a device 
similar to a Leyden jar {Bornhardt exploder) which gives a high-tension current, or by one 
utilising induced currents {Breguet exploder) ; these may be placed at a distance from the 
charge by lengthening the conducting wires. 

At one time ignition was effected by means of a high tension current from a frictional 
machine, Br4guet alone using low tension current, but the tendency nowadays is to employ 
the latter, together with magnetic ignition, the danger of igniting the inflammable gases 
of mines being thus diminished. Formerly, very long conducting wires could not be used 
owing to the weakening of the current at the igniting extremities, but nowadays relays are 
inserted at various points and maintain the current constant. 

Lauer and Tirmann make friction igniters, which are operated at a distance by means 
of wires. 

Girard obtains detonating fuses by filling leaden tubes with nitrohydro cellulose and then 
drawing them out to the diameter of ordinary safety fuses. Similar fuses were made 
subsequently to 1906 with fillings of melinite or, better, trinitrotoluene. 

The best of these fuses are those with instantaneous ignition proposed by General Hess 
and used in the Austro-Hungarian Army : these were first formed of four threads covered 
with fulminate of mercury, but in 1903 Hess rendered their action slower by adding 20 
per cent, of hard paraffin wax to the fulminate. 

When knotted, these instantaneous fuses behave as detonating caps and electric ignition 
may be dispensed with ; they may be cut and beaten without danger. 

With detonating fuses (1910) containing compressed powdered explosive with a detona- 
ting velocity of 5000 metres per second (picric acid or trinitrotoluene), the wick is bent 
and the bend fixed into the cap, whilst the two ends are brought near to the outside and 
ignite simultaneously. Where the explosive waves meet the shock is such that the waves 
reinforce one another, producing a velocity of detonation of 10,000 metres per second; in 
this way the charge is more completely exploded. 

VARIOUS POWDERS. During recent years there has been very keen rivalry between 
different makers to prepare new powders for special purposes (even for shooting pigeons !), 
and also blasting powders more economical than black powder. For powders to be used 
immediately or stored in very dry magazines, the potassium nitrate is replaced by sodium 
nitrate (although this is more hygroscopic), which is cheaper and gives a larger proportion 
of oxygen; the charcoal has also been partially replaced by other organic substances (tar, 
sawdust, flour, and even horsedung). These powders, often short-lived, are given most 
extravagant names {vioktte, gunnifuldpite, pyrolite, pudrolite, etc.). 

Nornmnite is an English powder for use in mine galleries, and is composed of 33 per cent, 
nitroglycerine, 45 per cent. KNOg, 1-5 per cent, of collodion- cotton, 8 per cent, of wood- 
meal, 11 per cent, of ammonium oxalate, and 1-5 per cent, of wood charcoal. Faverskam 
contains 80 to 90 per cent, of ammonium nitrate, 9 to 11 per cent, of T.N.T., and various 
other products. 

Bexite contains 7-5 per cent, of nitroglycerine, 66 per cent, of ammonium nitrate, 14 per 
cent, of sodium nitrate, 7-5 per cent, of T.N.T., 4 per cent, of wood-meal, and less than 1 
per cent, of moisture. Ammonal, which was used as a shattering explosive during the 
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European War, was employed first in mines, and contains 3 per cent, of coarsely powdered 
aluminium, 4 per cent, of T.N.T., and 93 per cent, of ammonium nitrate. It was proposed 
by Escales and Dekmanin 1899-1900, and burns slowly, exploding only with powerful caps. 
Other special types of dynamite are mentioned on p. 284. 

DESTRUCTION OF EXPLOSIVES. In various cases it is necessary to destroy 
explosives, when these have altered or undergone partial decomposition, or when residues 
are left from samples submitted for analysis. With black powder it is sufficient to im- 
merse it in water and so dissolve out all the nitre, and then to burn the barely dry insoluble 
residue. Water does not, however, destroy nitroglycerine or the various dynamites; 
with these the caps are carefully removed and also the wrapper (including the parchment 
paper), the cartridges being placed in contact one with the other on a long strip of paper 
in a field free from stones and away from any building; they are then sprinkled wit^i 
petroleum, and a long fuse, attached to the first cartridge, lighted. In this way the car- 
tridges burn without exploding. With frozen dynamite cartridges which have undergone 
change, it is dangerous to handle them, and they must be very carefully exploded one by 
one in the open with a fulminate cap and fuse. Nitroglycerine may be made into a paste 
with sawdust and burnt as described above. Small quantities of explosives may be 
burnt in pieces the size of a pea, and small dynamite residues may be decomposed by 
heating on a water-bath and frequently stirring with concentrated alcoholic caustic soda 
solution. 

STORAGE AND CARRIAGE OF EXPLOSIVES. Explosives factories are placed at 
a distance of about 1000 metres from any dwelling-house or frequented street. The ideas 
underlying the construction of magazines are very varied. In some countries (Austria, 
Italy, France, and, in part, Germany) the prepared explosives are distributed in a number 
of small magazines far from the factory, and constructed of wood so as to minimise the 
danger from projection in case of explosion; they are separated by large mounds of earth 
as high as the magazine, so that the explosive wave or projected material may not reach 
neighbouring magazines. Also in some magazines a kind of wide bridge covered with earth 
is constructed over the magazine to annul or attenuate the effect of projectiles falling from 
above. In England, however, it is assumed that, owing to the perfection of the systems 
of manufacture and of chemical and physical control of explosives, explosion is not to be 
regarded as possible, so that large, very solid magazines are built, either wholly of cement 
or partly of iron, the walls being half a metre thick. The distance between the separate 
'magazines varies from 100 to 200 metres, according as the amount of explosives stored is 
more than 2000 or 10,000 kilos. The flooring is of wood, and the magazines are heated in 
winter by means of steam-pipes in order to prevent freezing of the explosives. In general 
there are no windows, but only double doors and small apertures ; artificial illumination, 
which is rarely used, consists of lamps placed outside the apertures or electric lamps hermeti- 
cally sealed with gutta-percha and fitted with several glass coverings ; in some cases the 
electric lamps are immersed in water. 

Any person entering a magazine must wear felt slippers or leather boots without nails. 
The most serious danger is not that of accidental explosion, but that of lightnings When 
storms Ahi'eaten all work is suspended, while the magazines arc protected from lightning by 
all the most modern appliances. ^ Even the methods of packing explosives and loading 

^ In general the protection afforded by lightning conductors is due to the fact that lightning 
is rendered harmless if it meets good and sufficiently extensive conductors of electricity. There 
is, however, always great danger if inside or outside the buildings protected there are large masses 
of good conducting materials, such as the iron and lead pipes of dynamite ffictories, as these may 
cause deflection of the lightning even from its path in the lightning conductors. 

At the Nobel dynamite factory at Kriimmel, on the Elbe, there was a great explosion in 1900, 
lightning striking the iron compressed-air pipe and being thus led to the vessels full of nitro- 
glycerine, which consequently exploded. 

Franklin’s principle, according to which a metal rod furnished with points should serve to 
discharge to earth the large electric charges of the clouds, is not applicable to the protection of 
explosive factories, since such rods on factories do not discharge the clouds to a sensible extent, 
but can only serve to conduct the lightning to earth after the shock. Much more rational is 
Faraday’s method of attempting to discharge the electricity of the clouds or to conduct the 
lightning by so many metallic wires as to prevent it from subdividing, no secondary circuits 
which might produce sparks being, however, formed. According to Faraday, the most certain 
protection against lightning consists of a metal cage surrounding or covering the building to be 
protected, and many military explosives stores are effectually protected in this manner. In 
1900, Professor Weber proposed the protection of the Kriimmel explosives factory by fixinc^ to 
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them on wagons for transport are subject to detailed regulations : by legislation dating 
from 1875 in England and from 1905 and 1909 in Germany, and in Italy by a series of 
laws and regulations of various dates. In every case, a despatch must be preceded by a 
permit and by a warning to all the stations on the route. Explosives are despatched only 
on certain days and in certain trains. In Germany, chlorate and perchlorate travel with- 
out restrictions. Owing to the great stability of modern explosives, only 6 out of 265 
accidents due to explosives occurred during transport. 

ANALYSIS OF EXPLOSIVES. The quantitative determination of the components of 
black powder is comparatively simple : 10 to 20 grams of the sample is dried in an ovfen 
until constant weight {moisture) and is then extracted with hot water, which dissolves 
the nitre, this being weighed or analysed separately.- From the dried residue the sulphur 
isiiextracted by carbon disulphide in a Soxhlet extraction apparatus. The residue then 
contains the charcoal, graphite, and any impurities (sawdust, mineral carbon, etc.) which 
may be identified under the microscope. The density of the powder is determined by 
means of a densimeter, and the size of the grains and the quantity of dust by suitable sieves. 

The analysis of dynamites and of smokeless powders is more complicated and must be 
carried out with great care. In dynamites with inert bases the proportions of nitroglycerine, 
moisture, and inert substance are determined : 8 to 10 grams of the d 3 mamite, cut into pieces 
the size of peas, with a wooden or bone spatula, are weighed on a clock-glass and left in 
a desiccator over calcium chloride (not sulphuric acid) for some days until of constant 
weight : the loss in weight gives the moisture. The dried mass is extracted vith pure 
dry ether free from alcohol, in a Soxhlet apparatus (as in the extraction of fat, which see) , 
the heating being effected with water at 50“ to 60“ and the ether subsequently distilled with 
water at 40“ to 50“ away from the neighbourhood of a flame. The nitroglycerine becomes 
turbid when almost all the ether is evaporated, but clear again when the evaporation is 
complete ; the nitroglycerine is dried until constant in weight in a vacuum desiccator over 
calcium chloride. The residue left in the extractor {hieselguhr or other inert matter) is 
dried at 60° to 70“ and weighed. It is sometimes sufficient to determine the nitroglycerine 
by difference from the weight of this residue ; the result is exact enough and the operation 
more rapid and less dangerous. 

D 3 rnamites with active bases sometimes have complex compositions and the analysis is 
not always so easy ; ^ in general, the nitroglj^cerine and collodion- cotton are separated 


iron columns galvanised wire-netting (88 meshes per sq. metre) furnished with metal points so 
as to form a kind of roof a metre or more above the factory. 

The columns also are provided at the top with metal points and serve to conduct the electric 
discharge to the earth. In the wires forming the network sharp curves are avoided in order to 
facilitate conduction and bander any divergence of the lightning. Above the buildings of the 
Ki’ummel factory there are 24,000 metres of metal wire with five million points, wmch may 
contribute in some measure to discharge the clouds, and would certainly conduct the lightning 
to earth after a discharge. The ideal method would consist in using copper wire 1 cm. in diameter, 
but the expense of this wmuld be enormous. The earth-contact is made in wet places with iron 
plates or rails one or two metres under the soil. Also the metal piping (if not replaceable by 
rubber tubing) and apparatus of the various parts of the factory are connected vith the earth- 
conductors of the lightning conductors, so as to avoid the formation of sparks in the discharge 
of the lightning. 

It has also been suggested that, where possible, the large vessels in the separate buildings 
should be electrically insulated, both from the lightning conductors and from the earth. 

^ For dynamites with active bases (containing nitroglycerine, collodion-cotton or guncotton, 
nitrates, sawdust, etc.), Stillman and Austin (1906) propose a method of analysis which is briefly 
as follows : The moisture is determined on 10 grams as above ; the dry mass is then extracted 
several times in the cold with a mixture of 1 part of alcohol and 2 parts of ether. The residue 
{A) is dried and weighed (for its analysis see later), the solution being left to evaporate in the 
cold to 100 C.C., to which is added 100 c.c. of chloroform to precipitate the collodion -cotton. 
The liquid is decanted on to a tared, dry, cloth filter on to which all the collodion-cotton is brought 
by means of chloroform ; the filter is dried in an oven at 40° and then in a desiccator and weighed 
(4 a check, it is redissolved in alcohol and ether, reprecipitated with chloroform, collected on a 
filter and dried at 40°, the collodion being then detached from the filter, completely dried on a 
watch-glass in a desiccator and weighed). After the collodion-cotton is separated, the decanted 
and filtered liquids are evaporated in a tared vessel, dried in a vacuum and the remaining 
nitroglycerine weighed. 

If the nitroglycerine contains traces of nitrates, these are extracted by repealed treatment 
with small quantities of water, the solution being then evaporated and the nitrates weighed. 
If along with the nitroglycerine there are also resin, parafiBn wax, and traces of sulphur, it is 
titrated with excess of normal aloohoho caustic sgda in the hot, the excess of alkali being then 
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from the residue by alcohol aud ether, from which the collodion-cotton is precipitated 
with chloroform. 

The resistance to heat of nitroglycerine and of d 5 Tiamite is determined as with nitro- 
cellulose (see beloiv), the nitroglycerine being extracted from dynamite by displacement 
with water, and the gelatine explosives being mixed with double 
their weight of chalk prior to extraction with solvents; it should 
withstand a temperature of 70° for at least fifteen minutes without 
colouring starch and potassium iodide paper. In contact with 
sensitive blue litmus paper it should not give the slightest reddening, 
as this would indicate incipient decomposition. 

Exudation of nitroglycerine from dynamite, in either the cold or 
the hot, shows faulty manufacture. ^ 

With nitrocellulose, besides testing its solubility in a mixture of 
1 part of alcohol and 2 parts of ether which dissolves collodion- 
cotton but not guncotton, the nitrogen is often estimated in the 
Lunge nitrometer (VoL I., p. 678) by shaking with concentrated 
sulphuric acid; or Schlosing’s method, as used in France, may be 
employed to ascertain the type of the nitrocellulose : in a 150 c.c. flask 
are placed 25 grams of pure, powdered, ferrous sulphate, 0-7 to 0-8 
gram of nitrocellulose, and 70 to 80 c.c. of hydrochloric acid; the 
flask is shaken and then fitted with a stopper through which pass a 
delivery-tube and another tube conveying a current of carbon dioxide : 
when all the air is expelled the delivery-tube, dipping into a vessel 
of mercury, is covered with a graduated tube filled half with mercm’y 
and half with caustic soda solution. The flask is then heated to 
boiling, when the liquid blackens and in ten minutes all the nitric 
oxide is evolved, the last traces of this gas being driven out by a stream of carbon dioxide. 
The volume of gas gives the amount of nitrogen. 

The amount of non-nitrated cotton is determined by boiling 5 grams of the substance 
with a saturated solution of sodium sulphide, the liquid being decanted after a stand of 
twenty-four hours and the treatment with sodium sulphide repeated ; the residue is finally 
collected on a tared cloth filter, washed with boiling water, then with dilute hydrochloric 
acid, and lastly with boiling water again; it is then dried and weighed. 

The resistance to heat {AbeVs heat test) of nitrocellulose is of importance, as it serves as 
a control during manufacture and is used also as a test for nitroglycerine : a wide-mouthed 
glass flask, A (Fig. 226), 20 cm. in diameter, and with no neck, is almost filled with water 
and is covered with a leather disc pierced by four holes provided with wire clips for holding 
test-tubes ; the flask is heated below by a small lamp, F, placed under a metal gauze and 


determined with normal acid in presence of phenolphthalein : 1 c.c. of normal alkali used in the 
saponification corresponds with 0'0757 gram of nitroglycerine {in case no resin is present). After 
the titration, the liquid is evaporated almost to dryness to eliminate the alcohol, and is then 
diluted with water and shaken with ether in a separating funnel. 

The ethereal solution is separated and evaporated, and the residual paraffin wax weighed. 
The aqueous liquid after separation of the ethereal solution, is heated with a little bromine to 
oxidise the sulphur; it is then acidified with HCl, boiled, and the resin collected on a tared filter, 
whilst in the filtrate the sulphuric acid formed by oxidation of the sulphur is precipitated with 

The nitroglycerine may be estimated by difference, by subtracting from the original weight 
the insoluble residue, A, the paraffin wax, the resin, the small amount of sulphur, and the nitrates. 

The residue. A, insoluble in alcohol and ether [see above), is extracted with hot water; the 
undissolved part is dried at 70° and weighed [B = sawdust -j- sulphur + any insoluble mineral 
substances); the sulphur is extracted with carbon disulphide, and weighed, this weight sub- 
tracted from B giving the sawdust, from which also the weight of ash left after calcining is 
subtracted if inorganic substances are present. 

The aqueous solution obtained from A is evaporated, dried at 110° and weighed [C — nitrates 
+ carbonates -f any woody extract); it is then treated with a little nitric acid, evaporated, 
dried and weighed (Z>); from the difference between C and D the COg evolved and hence the 
carbonates can be calculated. 

The mass, D, is melted, heated to redness, cooled, treated with a little dilute nitric acid, 
evaporated, dried at 110° and weighed [B); this weight gives the sodium and potassium nitrates. 
Subtraction of the weights of nitrates (F) and carbonates from 0 gives that of the extractive 
matters and of ammonium nitrate, if this is present; the latter may be determined in the aqueous 
liquid, A, by estimating the ammonia evolved in the ordinaiy wav. 



Fig. 226 . 
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surrounded by a screen, D. The central aperture carries a thermometer, and one of the 
others a thermo -regulator (if necessary), whilst in the remaining ones are placed test-tubes 
which contain the nitrocellulose (1 to 3 grams) or nitroglycerine (2 c.c.) and dip into the 
water. Each of the stoppers of the test-tubes is fitted with a hook of glass tubing on which 
is hung a piece of starch-potassium-iodide paper moistened at the upper part with a drop 
of dilute glycerine. 

The temperature of the bath is maintained at 82°; in France Powder B is tested at 110° 
and in other countries smokeless powders are tested up to 130°, a current of air being passed 
over the heated explosive. The test is finished when a faint brown coloration appears at 
the edge of tjie glycerine. A good guncotton will withstand heating at 82° for half an hour 
without browning the paper, 

ijlf nitrocellulose is stabilised by the incorporation with it of a little sodium bicarbonate 
or calcium carbonate, it becomes less stable to the Abel test.^ 

Measurement of the Pressure and Heat of the Gases Developed by Explosives. The 
power of an explosive is deduced principally from the quantity of heat produced on explosion 
(see p. 259), this being measured in the Berthelot-Mahler calorimetric bomb (see Vol. I., 
p. 461 ). Deflagration is induced by means of an electric spark, and if considerable pressure 
is maintained in the bomb by means of air (or nitrogen in the case of guncotton, as this is 
deficient in oxygen, which should not be supplied if 
the conditions of an ordinary explosion are to be repro- 
duced), the products of deflagration are almost identical 
with those of explosion. The bomb is specially con- 
structed with various accessories to allow of the analysis 
and measurement of the gases produced in the decom- 
position, at either low or high pressure, of the explosive. 

The pressure of the gases produced by the explosion 
in a resistant chamber, G (Fig. 227), of soft sheet steel 
wrapped round with steel wire, is measured indirectly 
by determining the crushing of a small copper cylinder, 

Z (crusher), 13 mm. high and 8 mm. in diameter, placed 
between a fixed base, d, and a hardened steel piston, a, 
of known surface which transmits the pressure of the 
gases. The chamber, G, is fixed by two massive wrought- 
iron plates, D and D', held together by six thick 
rods, B. 

Deflagration is caused by rendering incandescent a 
platinum wire between the two terminals, h. In order 
to obtain exact results it is indispensable that there 
be no escape of the gas, which would also cause danger from projection, the 
gas being at a temperature of 2000° to 3000° and i i^ressure of several thousand 
atmospheres. 

The deformation of the crushers is shown in almost the natural dimensions in Fig. 182 
on p. 262. 

The sensitiveness of explosives to a blow is determined empirically by allowing a given 

1 According to Will (1902) and Egerton (1913), this testis very sensitive, being able to detect 
0-0000016 gram of nitrous acid in 100 grams of explosive. However, some years ago certain 
English manufacturers added various substances (e.g., mercuric_ chloride, formaldehyde, etc.) 
to mask the instability of their powders. It must also be home in mind that the sensitiveness 
of the reaction may be influenced by the method of preparation of the starch-iodide powder. 
The test is carried out in a pure atmosphere removed from the smallest traces of nitrous acid 
vapour. Since decomposition in powders is gradual, the duration of the test (e. g., thirty minutes ) 

should be noted. , , ^ i i i 

Angeli test : When explosives with a basis of nitric esters contain solvent (ether, alcohol, 
acetone, etc. ) or stabilising substance, the Abel test is insufficient, since the reaction of the nitrous 
vapours is prevented or retarded. In 1917 Angeli proposed to replace the Abel test by a qualita- 
tive test of the acidity carried out as follows : A portion of the powder cut into thin flakes is shaken 
in a test-tube with water containing a few drops of a 0-2 per cent, alcoholic solution of dimelhyla- 
minoazdbenzene, q.v., Part III); if the flakes remain yellowish, they are not acid and have kept 
well, but if they turn red, they are acid and have undergone alteration. 

Silvered vessel test: This is used in England and Italy, and consists in determining the number 
of hours required for the temperature of the explosive kept in a silvered flask (100 c.c. or up to 
3000 c.c. ) in a thermostat at 80° to rise by 2°. 
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weight of iron (ram. see Fig. 228) to fall from various heights on to a certain amount of 
explosive placed on an iron block, the height of the fall being increased until explosion occui's. 
The sensitiveness to heat is measm'cd roughly by throwing small pieces of the explosive on 
to mercury heated to successively increasing temperatures until deflagration takes place. 

When the power of an explosive cannot be determined directly or by comparison of the 
practical effects, indh-ect tests must be employed, although these do not always correspond 
with the actual effects. To avoid uncertainty, the expression 
power of an explosive, f, is applied to the product of the volume, 
v^, of gas (reduced to 0° and formed from unit weight of the 
explosive), the pressure, po, in mm., and the absolute 
temperature, T (calculated from the products of the reaction), 
this product being divided by 273, so that : r 

~ 273 ‘ 




The power of progressive explosives may be determined 
indirectly by Guttmann’s power gauge (Fig. 229) : on a hollow 
block of steel, a (diameter of cavity 35 mm.), are screwed two 
steel blocks, 6, and a small firing-plug, g. A trigger, m, which 
can be released from a distance by means of a cord, serves to 
explode the plug. The apparatus is charged by unscrewing one 
of the blocks, 6, and introducing first a cylinder of drawn lead, 
40 mm. long and 35 ram. in diameter, which closes hermetically 
the wide mouth of the right-hand cone : then a steel disc and 
one of cardboard of such thickness that it makes 20 grams of 
powder rest just in the middle. This powder, which is intro- 
duced next, is situate just under the cap, h. Then follow a disc 
of cardboard, one of steel, and a block of lead similar to the first, 
this closing the cavity to the left, when the block, 6, is again 
screwed on. The gases produced by the- explosion have no 
outlet, and so force the leaden blocks into the conical holes to 
the right and left. The height of the leaden cones projecting is 
compared with that obtained with a standard explosive and thus 
gives the power of the explosive. 

For shattering explosives, on the other hand, good results 
are obtained with TrauzPs lead block, which is in the form of 
a cylinder 200 mm. in height and diameter. In the middle 



Fig. 228. 


Fig. 229. 


is a cavity, 110 mm. deep and 20 mm. wide, into which 15 to 20 grams of the explosive 
is placed. A fulminate cap, connected with wires for firing, is inserted and the bore 
tamped with well-compressed sand and chalk. After the explosion, the capacity of the 
cavity is measured with water. Fig. 230 shows several of these blocks after testing with 
various explosives. A charge of 15 grams of No. 1 dynamite gives a volume of 705 c.c., and 
deducting from this 30 c.c. for the original volume, and 30 c.c, produced by the 1*5 grams 


VELOCITY OF PROJECTILES 


817 


of fulminate in the cap, there remains 645 c.c. due to the explosive, i. e., 4S c.c. per gram. 
To obtain comparable results with explosives of the same class, charges of equal w'eights 
must be taken, otherwise different values are obtained for the same explosive ; there are, 
besides, other causes of error, which give only a relative value to this method of determining 
the power. 



Measurement of the Initial Velocity of Projectiles. For this purpose use is made of 
Le Boulenge’s chronograph (Figs. 231 and 232), which gives the velocity, F, by measuring 
the time, T, taken by the projectile to traverse the known distance, D (20 to 50 metres), 
between two wire frames, G, G' (Fig. 231), which are cut through by the projectile im- 
mediately after it leaves the gun and are connected electrically with two quite distinct points 
of the chronograph, the apparatus being so arranged 


that Tlies between 0-05 and 0*15 second; F = ^. 

The chronograph is formed of two electro -magnets, 
a and e (Fig. 232, or 0 and G\ Fig. 231), joined to 
the batteries B and B', and to the corresponding 




Fig. 232. 


wire frames, G and G'. The magnet, a, attracts a tubular bar (c, d, Fig. 232, or 0, Fig. 231 ) 
of the chronometer, which terminates at the top in a soft iron point and is enlarged at the 
bottom ; the magnet, e (or A' in Fig. 231 ), attracts a rod, / (or Q', Fig. 231 ), of the registrar. 
The chronometer bar is surrounded by a thin zinc or copper tube. The registrar is of soft 
iron, has the same weight as the chronometer, and is pointed at the top and enlarged at 
the bottom. When the projectile traverses the first frame, G, it interrupts the current 
of the electro-magnet, A, and the chronometer bar, G, becomes detached from A (Fig. 231) 
and begins to fall freely. When it traverses the second frame, G', it interrupts the current 
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of the electro-magnet. A'’, and the registrar, 0^, falls and releases a hook which liberates a 
horizontal spring pointer, this immediately striking the falling chronometer bar. The 
mark on this bar will be the higher the lower the initial velocity of the projectile. Suitable 
tables deduced from simple formulje ^ give the required velocity. 

The velocity of detonation is difficult to determine, since it depends largely on the resist- 
ance of the enclosure containing the explosive and on other circumstances. It is determined 
roughly but with sufficient exactitude, under similar conditions, by placing a number of 
cartridges in a continuous row and joining the two wires of the Le Boulenge chronograph 
to points in, the row at a certain distance apart. 

USES OF EXPLOSIVES. The largest consumption of explosives is that 
of armies and navies, whilst in various civil operations these substances ^re 
also employed : in the tunnelling of mountain ranges ; in lessening manual 
labour in the ploughing of the soil ; for disintegrating rocks to provide material 
for the construction of houses to displace the all too numerous deserts ; and 
further, for preparing blocks of material to be wrought by the genius of man into 
monuments attesting to posterity the varied and incessant progress of human 
thought and labour. 

In practice a sharp distinction is made between progressive explosives, used 
more especially in mines for detaching large masses of rock and for excavating 
(for coal, minerals, gold, and diamonds), and shattering explosives (dynamite, 
etc.), employed for such purposes as demolishing walls, bridges, and large trees, 
or breaking the ice at the surface of rivers and lakes when navigation is pre- 
vented. To demolish a large tree it is sufficient to surround it with a string 
of dynamite cartridges, explosion of one of which will cause explosion of the 
others ; to break iron, e. railway rail, or cut a bridge, one or more cartridges 
are placed on it, covered with a light tamping of earth and exploded. In sub- 
aqueous works modern smokeless explosives are of great service, since to their 
great power is added their stability towards water, which acts as an excellent 
tamping. ^ 


The use of explosives in agriculture, particularly with the view of utilising the enormous 
stocks remaining in all countries after the European. War, has become an accomplished 
fact. As early as 1870 Ue Hamm of Vienna anticipated the employment of dynamite 
in agriculture, and in 1878, Sobrero, in a communication to the Turin Academy of Sciences, 


A test is first made in which the chronometer bar and the registrar fall simultaneously. 
The height, Ji, at which the former is struck corresponds with a time, t, which must always be 
allowed for in the subsequent measurements, as it represents the time required by the registrar 

to release the spring. According to the law of bodies falling freely, h = so that i = 4 

in practice, when a time, T, elapses during the passage of the projectile from Q to Q\ the mark 

on the chronometer bar at the height, H, corresponds with a time, T ~\-t = \/^. The difference 

^ g 

between these two measurements gives the time required, the velocity being then deduced from 


the formula •. V = /2 


connects Italy and France, and is 12,233 metres in length, was 
assumed that the blasting would be carried out with 
^ calculated that twenty-four years would be required to complete the work. 

available, and the work was finished eleven years earlier 
being nsed and £2,800,000 expended. The St. 
a S nsSs® Switzerland, was completed in six years and 

a co^ S'# explosives were used, mostly with 

nitroglycerine. In constructing the harbour of Genoa, the 
SLmite ^ nimber of mines with a total charge of 6000 kilos 

stein a mine waylaid ot a rock that partially obstructed the Danube at Greisen- 

ft a emfS of dynamite; 280,000 cu. metres of rock were detached 

f if P®" ^ American Independence Day fetes, 

a million pounds worth of fireworks are consumed every year. 
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made definite proposals in this direction. Various practical applications were afterwards 
made in America, Germany and elsewhere, and in 1918-1919 rigorous and systematic tests, 
carried out by specialists in America, France and Italy (with trinitrotoluene and picric 
acid) showed that highly compact and semi-rocky soils may be broken down satisfactorily 
in this way; cartridges of 100 or 200 grams w’ere placed less than 1|- metres apart at a depth 
of about 60 cm., good tamping being provided. Explosives are used economically only 
when the usual means present great difficulties. 

In the United States a single factory produced in 1911 explosives to the value of £120,000 
for agricultural purposes. 

STATISTICS OF EXPLOSIVES. The consumption of explosives in time of war is 
enormous. Every shot of a large gun, which does not always hit the mark, costs hundreds 
of pounds. 

The world's production of explosives prior to the European War reached a total of 350,000 
to 400,000 tons, almost the half of this amount being made in the United States. According 
to 0. Guttmann, the production of explosives with nitroglycerine as base amounted in 
1909 to more than 62,000 tons, distributed as follows : United States, 20,000 tons (in 1912, 
over 22,000 tons); Germany, 10,300; England, 8100; the Transvaal, 8000 ; Canada, 5000; 
Spain and Portugal, 3500; Austria-Hungary, 2300; France, 1500; Switzerland, Australia, 
and Norway and Sweden, 600 each; Russia, Italy, and Holland and Belgium, about 500 
each; and Greece, 175 tons.^ 


EE. ACIDS 

I. SATURATED MONOBASIC FATTY ACIDS, 

These are termed fatty acids because some of them are contained in fats, from 
which they are prepared. All contain the characteristic group, — COgH, the 

^ The output of military explosives in different countries in 1913 and during the first two years 
of the European War is shown approximately by the following figures (tons) : 


1913 

1915 

1916 


Great United 

Britain Germany Prance Italy States 

18,000 60,000 ' 15,000 3,500 S,000 

120,000 360,000 160,000 15,000 130,000 


Bussia Japan Austria 

6,000 4,000 5,000 

60,000 50,000 90,000 


Whole 

world 

150,000 

1,065,000 


200,000 540,000 300,000 45’000 190’000 100,000 90,000 150,000 1,805,000 


In addition to its enormous home consumption, Germany exported, in 1906, 2136 tons of 
black powder, of the value £320,000 ; 4791 tons of other explosives, worth £372,000 ; and 7300 
tons of cartridge charges for guns and artillery, of the value £1,000,000. In 1913 the total 
German exports of explosives were valued at £4,000,000 and the imports at £72,000. The out- 
put of dynamite in Germany was 2000 tons in 1880, 4000 in 1 890, 8000 in 1909, and 11,000, besides 
15,000 of safety explosives with a basis of ammonium nitrate, in 1912. Before the war, some of 

the German explosives factories paid dividends of 25 per cent, or more. 

In the United States the industry is a rapidly growing one. ^ WTnle the total production was 
£3,400,000 (including 40,000 tons of dynamite) in 1900, it rose in 1905 to £5,920,000, of which 
£1,760,000 represented black powder; £320,000 nitroglycerine ; £2,600,000 dynamite ; £800,000 
smokeless powder; and £35,200 guncotton. ^ j . /.ta aaa aaa 

In 1909 the capital invested in explosives works in the United States amounted to £10,000,000, 
the output comprising 85,000 tons of dynamite, 4500 tons of safety mine explosives, 14,000 tons 
of nitroglycerine, 6000 tons of black powder, 45,000 tons of shattering explosives, etc., the total 
value being £8,000,000 (in 1904, £6,000,000), and the power used 28,600 horse-power. 

During the period of their neutrality, the United States manufactured enormous qu^tities 
of explosives for home consumption and for the Allies, especially France, Great Britain, and Russia. 
About 205,000 tons were made for home consumption in 1915, and more than 225,000 tons in 
1916; the value of the exports was £2,000,000 in 1914 and £153,400,000 in 1916. When the 
European Allies became able to supply their own needs, the American factories continued to 
produce on an even vaster scale for the needs of their own country in the war. 

In 1910 Great Britain exported 630 tons (£172,000) of smokeless pcwders and 7200 tons 
(£720,000 ) of dynamite, 450 tons (£37,600 ) of the latter being imported. Ba 1907, Gre^ Britain 
consumed 7000 tons of black powder and exported 3597 tons (3500 in 1910 ). Before the European 
War single factories in England made as much as 10,000 tons of dynamite per annum. ^ 

Japan, which before the war possessed two Government factories for rmhtary e:^Iosi^s, im- 
ported from Great Britain and Germany various explosives, to the value of £100,000, in 

In Belgium the consumption of mi nin g explosives in 1910 was about 1473 tons, 229 tons being 

In the same year Austrian mines used about 2395 tons of different explosives, 1600 tons being 
dynamites of various types, while in the Transvaal mines explosives to the value ot £1,440,000 
were consumed. 
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hydrogen of which is replaceable by metals. With every hydrocarbon or every 
primary alcohol of the methane series corresponds a monobasic fatty acid. 
The first members are liquids having a pungent odour, and are soluble in water, 
alcohol, or ether, and boil without decomposing; then follow members of an 
oily consistency, less soluble in water, and with unpleasant smells like that of 
rancid butter or perspiration ; beyond they are solid, insoluble in water, 
and soluble in alcohol or ether, and distil unchanged only in a vacuum. The 
first members (up to Cg or Ciq) are volatile in steam. 

It will be seen from the Table that the boiling-points of these acids rise 
regularly with increase in the number of carbon atoms, but the melting- 
points are higher in an acid with an even number of carbon atoms than in those 
immediately below and above with uneven numbers. 


Table oe the Saturated Monobasic Fatty Acids 


Formula 

Namo 

Melting-point 

Boiling-point 

Specific gravity 

CH 2 O 2 

Formic 

■f 8-3° 

101 ° 


1-2187 (20°) 


Acetic 

-f 16-5° 

118° 


1-0502 (20°) 


Propionic 

— 22 ° 

141° 


1-013 (0°) 

0 TT A 

(Normal hutyiic 

- 7-9° 

162° 


0-978 (0° 



\ Iso butyric 

- 79° 

154° 


0-965 (0°) 


(Normal valeric 

- 58-5° 

185° 


0-956 (0°) 

A XT A 

J Isovaleric 

-61° 

174° 


0-947 (0°) 

'-' 6 ^ 10^2 

1 Trimethylacctic 

+ 34°-35° 

163° 


0-905 (50°) 


[ Metliylethylacetic 

— 

173°-174° 

0-938 (20°) 


Normal caproic (hexoic) 

- 1-5° 

205° 


0-945 (0°) 

C 7 H 1402 

Normal hepfoic 

- 10 ° 

223° 


0-921 (16°) 


Caprylic (octoic) 

-h 16-6° 

237-5° 


0-910 (20 

“) 

CgHjgOg 

Pelargonic (nonoic) 

+ 12-5° 

186° 


0-911 (12°) 

^ 10 ^ 20^2 

Capric (decoic) 

-f 314° 

200 ° 

s 

0-930 (37°) 

C 1 A 2 O 2 

Undecoic 

28° 

212 ° 


— 



Laurie 

44° 

225° 

0 

0-875 

-p 

^13^-26^2 

Tridecoic 

40-5° 

236° 

ft 

— 

"o 

^14^28^2 

Myristic 

54° 

248° 

a 

0-862 

ft 

fcJO 

^15®’30^2 

Pentadecoic 

51° 

257° 

s 

— 

■S 

^16®^32^2 

Palmitic 

62-6° 

268° 

0 

0 

0-853 


C 17 H 34 O 2 

Margaric 

60° 

277° 


_ 

B 

^18®^36^2 

Stearic 

69-3° 

287° 


0-845 

< 

^19®^38^2 

Nonadecoic 

66-5° 

298° 


— 


C 20 H 40 O 2 

Arachidic 

77° 

— 


— 


^22®^44^2 

Behenic 

84° 

360°/60mni. 

— 


OAO 2 

Lignoceric 

80°-8r 



— 


^26^52^2 

Cerotic 

78-5° 

— 


— 


^30^60^2 

Melissic 

■ 91 ° 

— 


— 



GENERAL METHODS OF PREPARATION, [a) In deahng with primary 
alcohols and aldehydes, it was shown how simple oxidation of these compounds 
yields the corresponding acids containing the same number of carbon atoms, 
whilst when secondary and tertiary alcohols or ketones are oxidised, the chain 
is broken and acids with a less number of carbon atoms are obtained. 

(b) Hydrolysis of the nitriles [see these) in the hot with potassium hydroxide 
or with mineral acids yields the amides [see these) as intermediate compounds, 
and then the acids with one carbon atom more than the alcohols from which 
the nitriles originate : 

CHg • ON -f 2 H 2 O = NH 3 -f CH 3 • CO 2 H. 
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(c) The interaction of a zinc-alkyl with phosgene gives : 

Zn(CH3)2 -f 2COCI2 = ZnCla -f 2CH3 • COCl (Acetyl chloride), 
which on decomposition with water gives : 

CH3 • COCl + H2O = HCl -f CH3 * COgH. 

{d) When a hydroxy-acid is heated with hydrogen iodide, separation of 
water and iodine occurs and a fatty acid is formed. 

(e) Other general reactions are those of Gri guard {see pp. 33, 243), those 
of ethyl acetoacetate and ethyl malonate {see these), and those of elimination 
of CO2 from dibasic acids (containing two carboxyls, CO* OH) and of addition 
of\ydrogen to unsaturated acids, etc. 

PROPERTIES. In aqueous solution the acids are electrolytically dis- 
sociated into the cations H and the anions R-COg {see VoL I., p. 94). 

Substitution of this ionic hydrogen by a metal yields salts, which in aqueous 
solution (when they are soluble) are almost completely dissociated, whilst the 
hydrogen of the hydroxyl group of the alcohols is also replaceable by a metal 
. (alkoxide), but the resulting aikoxide is decomposed by water (hydrolysed). 

The strength of an acid (or its power) may always be determined from the 
degree of dissociation (YoL.L, pp. 95, 102), this decreasing in the following 
order : formic, acetic, propionic, normal butyric, valeric, etc. ; thus, with rise 
of the molecular weight the dissociation diminishes. 

The hydroxyl group of the carboxyl group, —CO * OH, may sometimes be 
substituted by halogens (especially by chlorine, by the action of PCI5, which 
forms acid chlorides or chloroanhydrides, e.g,, acetyl chloride, CHg'COCl). 

Substitution of the hydroxyl, (1) by SH, gives thio-acids, and (2) by HHg 
jnelds the amides, e. g., acetamide, CHg • CO • NHg (by heating ammonium 
acetate) ; under certain conditions these compounds all give the acids from 
which they originate. 

It has already been mentioned that the saturated hydrocarbons are formed 
by the electrolysis of the alkali salts of the corresponding acids, with elimination 
of COg, H, and 0 (the last two from the water present as solvent;) and also of 
secondary products (unsaturated ethers and hydrocarbons) ; if the electrolysis 
is effected without a diaphragm, alkali carbonate and bicarbonate are formed, 
and hence also a lower alcohol. Carbon dioxide may also be eliminated, and 
hydrocarbons thus formed, from the alkali salts of the acids by heating in 
presence of soda-lime or baryta, or by reducing the acids with hydriodic acid 
and phosphorus. 

If, however, the calcium salts of the acids are distilled, with or without 
P20g, the principal product is a ketone formed from two molecules of the acid : 

(CHg • COO)2Ca = CaCOg + CH3 • CO • CH3 ; 

if the calcium salt is heated in presence of calcium formate, the aldehyde 
corresponding with the higher acid is formed. 

The halogens also replace the hydrogen of the alkyl residues of the acids, 
giving products which surpass in acid properties the acids from which they are 
formed.^ By heating the acids homologous to acetic acid (which are very 

^ Besides referring to what has been stated in Vol. I., pp. 98 d seq., we may here quote the very 
clear consideration of this question given by Miolatiin a publication on the Affinity Constants of 
Acids. That different acids possess different strengths follows, for example, from the pheno- 
menon of displacement of one acid from its salts by another acid. When sulphuric acid is added 
to a solution of sodium acetate, the characteristic odour of acetic acid is perceived, since the 
sulphuric acid is transformed into sodium sulphate and a certain amount of acetic acid is liberated. 
This quantity and, in general, the quantity of any acid displaced by a second acid, is not equivalent 
to the amount of the latter added, but the two acids divide the base according to their strengths, 

L e., according to their afSnity constants, and also to their quantities. The effect of the latter 
factor may be eliminated by using equivalent quantities of the two acids and of the base, e. g., 

VOL. n. 21 



322 


ORGANIC CHEMISTRY 

resistant to oxidising agents) with concentrated sulphuric acid, CO2 is evolved, 
whilst acids with carboxyl united to a tertiary carbon atom (e. g,, formic or 


by causing an ,equi valent of an acid to act on an equivalent of neutral salt, so that the distribution 
of the base between the two acids depends only on their strengths. A chemical equilibrium is 
then established which is represented by the equation : 


(1 - ic)[NaX + HX'] a:[NaX^ + HX]. 

In order that this method may give exact results, it is of course necessary that the bodies 
formed in the conditions of the experiment be not eliminated as either gas, or solid, or complex 
molecules, etc., but that they remain to take part in the equilibrium . To determine this, Thomsen 
made use of the thermal change and Ostwald of the changes of volume and the indices of refraction, 
these methods leading to the same results. In general, any physical property may be used for 
the analysis of the equilibrated system. ^ 

If, for example, a is the heat-change observed on neutralising an equivalent of the first acid 
with a base, h the corresponding quantity for the second acid, and c that observed on adding 
an equivalent of base to an equivalent of the mixed acids, it is evident that c will be equal to 
the thermal effect of the neutralisation of a certain fraction of an equivalent of the first acid 
(1 — a;) plus the thermal effect of the neutralisation of.4;he complementary fraction of the second 
acid ; 

„ . . c=(l-*)a + *5: * = (1-*) = ^-®. 


^ is a measure of the relative affinities of the two acids. The follovdng Table gives certain 

values of sc determined by Ostwald, x indicating the fraction of the molecule of base taken up 
by the acid given first ; 


HN03:CHCl2-C00H ... 0-76 

HCl-.CHCla-COOH ... 0-74 

CCls-COOHiCHCb-COOH ... 0-71 

CCI 3 • COOH : CH 2 CI • COOH ... 0*92 

CCb • COOH : H • COOH ... 0-97 


H • COOH ; CH 3 • COOH 0^76 

H • COOH ; C 2 H 5 • COOH 0-79 

H-COOHiCsHj'COOh/?®'™' - 
CH 3 • COOH rC^H,- COOH (norm.) ... 0-53 


If we calculate pyy". making nitric acid 


equal to 100 , we obtain the following values ; 


Nitric acid . 


. 100 

Formic acid . 


. 3-9 

Hydrochloric acid . 


98 

Propionic acid 


. 1-04 

Trichloroacetic acid 


80 

Butyric acid 


. 0-98 

Dichloroacetic acid 


33 

Glycollio acid v 


. 5-0 

Monochloroacetic acid . 
Acetic acid . 


7 1 

. 1-23 

Lactic acid . 


. 3-3 


The acids arrange themselves in the same order and almost with the same coefficients, if 
other properties are studied. All acids possess, for example, the property of accelerating certain 
hydrolyses, such as that of ethyl acetate and the inversion of cane-sugar ; 

CH3 • COOC2H5 + H2O = CaHg • OH + CH, • COOH: 

C12H22OU + H 2 O == 2C6Hj2^g* 

In these reactions the acid added acts only by its presence (catalysis), since at the end of 
the reaction it remains unchanged. On addition of equivalent quantities of various acids, how- 
ever, the reactions take place with greater or less velocities, i. e., the same quantity of" ethyl 
acetate or cane-sugar is transformed in a longer or shorter time according to the acid added. 
The velocity of the reaction is proportional to the affinity constant of the acid. Knally, the acids 
are arranged in the same order if we compare their electrical conductivities. According to the 
theory of electrolytic dissociation, the value of the conductivity depends on the number of mole- 
cules of the dissolved acid which are dissociated into their ions, i. e., into hydro«^en ions on tho 
one hand, and acid ions on the other. The possibility of furnishing hydrogen tons in aqueous 
solution would hence he characteristic of the acid nature of a substance, the amount of these hydrogen 
ions in unit volume beiwg a measure of the acidity. With equivalent solutions of different acids 
the strong acids will be those which contain, in a given volume of the solution, a laro-e number 
of hydrogen ions, and the weak ones those containing only a small number of such ioM. 

The condition of an acid in solution may hence be represented by the expression ; * 

AH A^ + H* 

and we may term the fraction of the equivalent which is dissociated, the degree of dissociation a 
Without entering into further details it may be mentioned that a is related, besides to the electrical 
conductivity, also to van 't Hoff's coefficient /, which expresses the divergence of the osmotic 
behaviour of solutions of electrolytes from the normal behaviour {see Vol. I p 102) 

The degree of dissociation varies with tho concentration of the solution of"the acid’ increasinf^ 
with the dilution towards the limiting value 1 , which corresponds with complete dissociation! 
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trimethylacetic acid) evolve CO and are transformed by oxidising agents into 
hydroxy-acids : (CH3)2 : CH • COOH gives (CH3)2 : C(OH) • COOH. 


This increase is small for strong acids, i. e., those which contain a considerable number of hydrogen 
ions even in concentrated solutions, but is much greater for the weak acids. 

V 100 a 

PfT . nnoTT / 2*38 1 

CHg GOOH I 12-66 4-22 

CH,Cl-COOH { 19.9 1_^^ 

CHCI,.COOH { 70| 

\h.e affinity constants given above hence depend on the concentration of the acid, since with 
this the concentration of the hydrogen ions — on which the value of the acid properties of a sub- 
stance depends — varies. An expression which is independent of v may, however, be found by 
considering the equilibrium : HA H* -f* A', as if it were a gaseous equilibrium and applying 
the law of mass action to it. If a is the fraction of the equivalent which is dissociated, (1 — a) 
will be that of the non-dissociated part ; and, if v is the number of litres in which the gram-equiva- 
lent is dissolved, - will be the so-called active mass of the ions, i. c., the number of ions contained 

’ V 3 f 


V indicates the number of litres of 
solution containing 1 gram-mol. of 
the acid. 


in unit volume, and — —— the number of undissociated molecules in the same unit volume. 
The law of mass action gives ; 



z. ^ 

(1-ay 


where k is a constant depending solely on the nature of the equilibrium — that is, on the nature 
of the reacting bodies — and on the temperature ; k is hence a measure of the tendency of an acid 
to dissociate and is called the affinity constant. 

The following Table gives the numbers referring to acetic acid and two of its chloro- derivatives : 


Acetic Acid I MonocMoroacetic acid DicWoroacetic acid 


V 

A 

100 a 

105 A- 

A 

100 a 

105 1- 

A 

100 a 

loss 

16 

6-5 

1-67 

1-79 

56-6 

14-6 

155 




__ 

32 

9-2 

2-38 

1-82 

77-2 

19-9 

155 

269-S 

70-2 

5170 

64 

12-9 

3-33 

1-79 

103-2 

26-7 

152 

309-9 

80-5 

6200 

128 

18-1 

4-68 

1-79 

136-1 

35-2 

150 

338-4 

88-0 

5040 

256 

25-4 

6-56 

1*80 

174-8 

45-2 

146 

359-2 

93-4 

6160 

512 

34-3 

9-14 

1-80 

219-4 

56-8 

146 

i 375-4 

97-6 

— 

1024 

49-0 

12-66 

1-77 

265-7 

68-7 

147 

383-8 

99-7 



In this Table A denotes the molecular conductivity correspouding with the dilution u, 100 a 
the extent of dissociation in per cent,, and 10 ® k the a ffini ty constant multiplied by 100 , 000 . 

This affinity constant has a markedly constitutive character ; it increases, for instance, if a 
substituent of negative nature, such as OH, Cl, N, NOg, etc., enters a molecule and decr(^ses if 
positive groups such as NH 2 enter. The following examples may be given ; 


Formic acid ^ = 127-0 . 10 ''® 

Acetic acid . . • • • 1-8 . 10 “ ® 

Propionic acid 1-3 . 10 " ® 

Substitution with halogens and similar growps. 

Monocbloroacetio acid . . . • . • • . h =. 155.10-® 

Hichloroacetic „ == 5100.10“® 

Trichloroacetic „ ....... about 120,000. 10“® 

Bromoacetic ,, 138.10“® 

Cyanoacetic „ ........ 370.10"® 

Thiocyanoacetic ,, ........ 260-. 10“® 

jS-Iodopropionic 9-0. 10 ~® 

Substitution by hydroxyl. 

GlycoUio acid, OH • CH^ • COOH lc= 15-0 . 10 “ ® 

Lactic acid, CH 3 • CH{0H) • COOH 14-0 , 10 “ ® 

^-Hydroxypropionic acid, OH ‘ CHg * CH 2 • COOH . . . 3-1 , 10 “® 

Substitution by NJSo. 

a-Aminopropionic acid (alanine), CHg * CH(]S]H 2 ) * COOH . . k =3 9*0 . 10 “® 


For further examples and greater details, see R. Abegg's “The Electrolytic Dissociation Theory.” 
New York, 1907. 
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Separation of the fatty acids from mixtures of them is not always easy, and 
is sometimes effected by taking advantage of their greater or less volatility 
either in steam or in a vacuum, or by precipitating with magnesium acetate 
or barium chloride, since in alcohohc solution the higher acids are precipitated 
first. Use is also made of the fractional solution of the calcium, barium, or 
lead salts in various solvents (alcohol, ether, etc.), or of fractional neutrahsa- 
tion followed by distillation of the acids not neutrahsed. Prom an aqueous 
mixture of formic, acetic, butyric, and valeric acids, the last two may be separ- 
ated by extraction with benzene, from which they may be isolated by shaking 
vith baryta water. Further separation may then be effected as above. 

Constitution of the Fatty Acids. That these acids actually contain carbonyl 
groups, — COOH, is indicated by the different ways in which they are formed 
and decomposed, but the most characteristic method of preparation consists 
of the hydrolysis of the nitriles, which are obtained from the alkyl iodides by 
the action of potassium cyanide (see p. 238). Two molecules of water react 
with one of nitrile, giving ammonia and a higher acid : 

CH3 • C : Y -f 2H2O = NHg -f CHg * COOH. 

The nitrogen of the nitrile being detached, the group —COOH must neces- 
sarily be formed, since, from reasons already mentioned, the formation of a 
group — C( 0 H )3 is excluded, as three free hydroxyl groups cannot remain 
united to one carbon atom (although the corresponding ortho-ethers are known 
and also acetals, see pp. 217, 251 and 252). 

FORMIC ACID, H-C 

^OH 

Methanoic Acid 

It was shown as early as the seventeenth century that ants contained a 
special acid, which was characterised later as formic acid, and was separated 
(by distilling with water) from the wood ant, the migratory ant, bees (and hence 
from crude honey), the hairs of the nettle, pine leaves, perspiration, urine, etc. 

Gerhardt was the first, in 1850, to show that COg and formic acid are obtained when 
oxalic acid is heated in presence of sand. In 1855 Berthelot, and later Lorin obtained 
good yields of the acid in 60 per cent, or even 75 per cent, concentration by heating crystal- 
lised oxalic acid with anhydrous glycerol in a reflux apparatus ; this reaction yields first 
COg, HgO and formic acid in the form of glyceride, HC 02 [ 03 Hg( 0 H) 2 ], this being hydrolysed 
by the water of crystallisation of a further quantity of the oxalic acid, with regeneration 
of the glycerol and liberation of formic acid. For 100 kilos of formic acid, 300 kilos of 
oxalic acid are consumed. For some years formic acid has been more economically obtained 
by decomposing formates prepared synthetically. 

In 1856, Berthelot found that a minimal amount of formic acid is obtained when CO 
acts on concentrated sodium hydroxide solution at 200°. Better yields were procured in 
1880 by Merz and Tibiriga by the use of powdered caustic soda (as soda-lime with 6 per 
cent, of moisture) at 200°. 

The CO may be used in the form of producer gas. In 1894 Goldschmidt (Ger. Pat. 
86,419) obtained a better yield, even at 50° to 70°, by allowing the CO to act under a pressure 
of 6 to 7 atmos. on powdered caustic soda, which does not melt at such temperatures.^ 

^ Even before purification, producer gas (see Yol. I., p. 489), should contain about 30 per 
cent, of CO, less than I per cent, of COg, 69 per cent, of N, and traces of sulphur compounds. Snee 
plants to yield 3000 kilos of sodium formate per day are commonly employed, the theoretical 
requirements amount to 1330 kilos of CO, or about 4000 cu. metres of producer gas, obtained from 
about 800 kilos of coke ; in practice use is made of producers giving 350 cu. metres {i. e., 500 
kilos, consisting of 130 kilos of CO and 370 kilos of ISf) of gas per hour (70 kilos of coke), so 
as to allow for a practical consumption double of the theoretical. Owing to the loss of CO, which 
is poisonous, during the purification and manufacturing operations, efiScient ventilation is neces- 
sary, and cylinders of oxygen are kept for artificial respiration in cases of poisoning. The pro- 
ducer has to be in action for three to four hours before it gives a gas of the desired composition, 
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The reaction is carried out in horizontal, cylindrical, double-walled autoclaves, which 
hold about 2000 litres, are about 2 metres long and 1-3 metres in diameter, and are con- 
structed of 15 to 18 mm. sheet-iron, capable of withstanding internal pressures of 10 atmos. 
A charge of 2000 kilos of caustic soda yields about 3000 kilgs of sodium formate, three 
autoclaves, and a fourth one as a spare, being required for this amount. The heating lasts 
thirty hours, and six hours are allowed for charging and discharging. The autoclaves are 
furnished with stirrers to prevent the formation of lumps, the gas being passed in slowly. 
For a couple of hours the temperature is kept at 120° to 130°, but the reaction then becomes 
so vigorous that the steam is shut off from the jacket of the autoclave (which withstands 
4 atmos. ), which is then cooled to maintain the temperature constant. A suitable arrange- 
ment of valves allows of the exit of the nitrogen, almost pure at first, but rich in CO later. 
The mass soon becomes pasty, being composed of a mixture of sodium formate and caustic 
soia, and to prevent it from setting to a very hard mass it is essential that the stirrer is 
kept in motion to the very end of the reaction; if setting does occur it becomes necessary 
to dissolve the whole mass in water. 

If the producer gas contains even small proportions of sulphur compounds the mass 
smells of mercaptan and becomes red, the reaction remaining incomplete and the operation 
being spoiled. A successful operation yields a coarse, powdery, yellowish or almost white 
mass, which irritates the eyes and contains 90 to 94 per cent, of formate, 1 to 2 per cent, 
of water, 0-1 to 0-7 per cent, of NaOH, and 2 to 7 per cent, of NagCOg; the final yield may 
amount to 95 per cent, of the theoretical. Exact analysis of the product is necessary before 
the formate is transformed into formic acid, and, if carried out before the mass is removed 
from the autoclave, serves also to show if the reaction between the NaOH and CO is 
finished.^ 

If the formate is not converted immediately into formic acid, it is stored in tightly- 
closed vessels, since otherwise it absorbs moisture and forms very hard blocks showing 
superficial deliquescence. 

The sodium formate thus obtained is moderately pure and contains only sodium car- 
bonate and hydroxide as impurities. The content of formate is determined by titration 
with permanganate in neutral or faintly alkaline solution. 

Free formic acid containing 85 to 98 per cent., or even 100 per cent., of H'CO^H (as 
marketed), is obtained by decomposing the dry sodium formate with concentrated sulphuric 
acid (which, however, decomposes part of the formic acid into CO2 and HgO, this occurring 
slightly in the cold, but rapidly in the hot^, and distilling off the formic acid. When sul- 
phuric acid of 60° Be. is used no such decomposition takes place, but less concentrated formic 

and since it must be cleaned out completely evei^ eight hours, a gasometer is necessary in order 
to prevent interruption of the working. The air for use in the producer should be pre-heated 
by means of the gas or of the outside of the producer. 

The gas should be very carefully purified to remove ash, sulphur compounds and carbon 
dioxide (of this not more than OT per cent, should remain), apparatus similar to that described 
on p. 50 for the purification of coal-gas being employed. After purification the gas is collected 
in a gasometer, from which it is drawn to the compressor to be compressed to 8 atmos. and passed 
on to the pressure reaction vessels. Any gas unavoidably escaping from the piping, cocks and 
safety valves is passed into pipes which open above the roof. Before compression, the gas is 
passed through wood-wool, which retains moisture and dust. 

1 According to Ger. Pat. 179,515 the manufacture is carried out as follows ; The lump caustic 
soda, with the natural moisture of about 4 to 5 per cent., is introduced into an iron apparatus 
fitted with a stirrer, a current of CO being passed in, with the initial temperature 100° to 120°. 
The sodium formate produced on the surface of the lumps of soda is detached in powder by the 
movement of the mass and fresh surfaces of caustic soda thus exposed to the action of the CO. 
When about two-thirds of the soda is transformed into formate, the powder of the latter is col- 
lected into masses by addition of water (about 2 per cent, on the weight of the caustic soda), the 
residual caustic soda being thus cleaned and subsequently converted almost entirely into formate. 
In this way the reaction becomes so rapid and energetic that cooling, rather than heating, of the 
mass is rendered necessary. 

On the other hand, according to Ger. Pat. 209,417, caustic soda solution of 20° Be. at 150 to 
170° is allowed to flow down a tower filled with a subdividing material, a current of producer 
gas being passed upwards. This process gives continuous production of formate solution (if 
a battery of towers in series is used), the residual nitrogen, almost devoid of CO, issuing at about 
170° ; as this gas is saturated with water- vapour, the water withdrawn from the solution is gradu- 
ally replaced in order to maintain the concentration best adapted for the absorption of CO and 
for preventing the formation of incrustations. Alternatively, gas previously conipressed and 
mixed with the required amount of steam is passed into the caustic soda. Calcium formate 
may be obtained by the action of milk of lime on coke at 250°. 
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acid (60 to 65 per cent., this being inapplicable to certain condensation reactions and trouble- 
some to transport) results ; it is not possible to obtain the concentrated acid by fractional dis- 
tillation of the more dilute, since when a concentration of 70 to 75 per cent, is reached, water 
and acid distil together in constant proportions {see later). To prevent decomposition by 
concentrated sulphuiic acid Hamel (Ger. Pat. 169,730) allows sulphuric acid of 66° Be. (75 
kilos per 100 kilos of the formate) to run, slowly and with cooling, into the formate dissolved 
in its own weight of 90 per cent, formic acid ; to the mass may be added alternately several 
successive quantities of 75 kilos of sulphuric acid and 100 kilos of the formate, this procedure 
being continued until the vessel is filled. From the stirred mixture normal sodium sulphate 
separates.^ The decanted liquid mass is distilled from copper vessels and condensed in 
earthenware coils or receivers. In this way 90 per cent, formic acid is produced, but 100 
per cent, acid may be obtained if 98 to 100 per cent, formic acid and monohydrate or slightly 
fuming sulphuric acid is used for the initial ■ mixture. Almost anhydrous acid may be 
obtained also by distilling the 90 per cent, acid over anhydrous copper sulphate (3:1) 
(Ger. Pat, 230,171, 1909). 

Hempel (Ger. Pat. 247,490) proposes to treat the crude formate immediately it is 
removed from the autoclave in which it is prepared (but after complete drying in a vacuum 
in the autoclave itself) ; it is discharged, after cooling, into a vessel into which a jet of finely 
disintegrated sulphuric acid is passed, the mass being intimately mixed. A little formic 
acid is previously added to the crude formate to neutralise the small amounts of free alkalies 
present. This process is the most economical and if properly conducted gives moderately 
good yields. 

Formic acid from the first distillation contains minimal proportions of dissolved sulphate, 
HCl and S, but serves for almost all practical uses. It is obtained purer by redistilling 
it, and if a rectifying column is employed, 100 per cent, acid may be obtained even from 
90 per cent, acid, the residue remaining then consisting of 75 per cent, acid (which distils 
unaltered unless mixed with dehydrating agents, such as concentrated sulphuric acid, 
anhydrous copper sulphate or oxalic acid, etc., the losses being then considerable). * 

The acid may be titrated with caustic soda solution in presence of phenolphthalein. 

Pure formic acid is a colourless liquid with a pungent odour, sp. gr. 1 ’223 
at 0° or 1‘2213 at 20° ; it solidifies on cooling and then melts at 8*3°, and boils 
at 100 '6° at 760 mm. or at 30° at 50 mm. pressure. If poured on the hand it 
produces very painful blisters. In water it is twelve times as bigbly dissociated 
as acetic acid, and is hence a strong acid ; it dissolves weU also in alcohol and 
ether. In aqueous solution, when the concentration reaches 77*31 per cent., 
corresponding with the composition, 4II * COgH -f SHgO, a mixture of constant 
composition distils, as is the case with hydrochloric acid (Vol. I., p. 166); at 
ordinary pressure this mixture boils at 107°. Unlike its homologues (acetic, 
butyric acid, etc.), it is readily oxidised by permanganate, etc., forming COg 
and HgO ; hence its great reducing power, owing to which, in the hot, it separates 
silver from silver salts, and first mercurous chloride, and then mercury from 
mercuric chloride solutions. Thus it behaves as an aldehyde, the characteristic 
0 

group of which, ~ it does indeed contain. When heated in a sealed tube 

Tl 

at 160° or treated with concentrated sulphuric acid, it decomposes readily 
and completely into CO + finely divided rhodium, ruthenium, or 

^ Maquenne proposed tke addition of 100 per cent, sulphuric acid to 85 per cent, formic acid 
in such quantity as to form H2SO4 -h HgO, the mass being well cooled meanwhile ; this mixture 
is thoroughly mixed with the formate, and the formic acid then distilled. This process permits 
of the decomposition of unlimited quantities of formate, and not merely of that soluble in formic 
acid. 

According to Ger. Pats. 182,776 and 193,509 the decomposition may be effected also by sodium 
bisulphate, 200 parts of the latter (well powdered) being mixed with 100 parts of the ‘formate, 
and the formic acid distilled from a still provided with a stirrer; the residue consists of sodium 
sulphate. This process and the previous one have not given satisfactory results in practice. 

Formates may be decomposed also by hydrofluoric acid (Ger. Pat. 209,418, 1907), or by phos- 
phoric acid at temperatures below 145° [tJ.S. Pats. 970,145 of 1910 (Walker) and 975, 151]. 
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iridium (but not platinum or palladium) decomposes it partially in tbe cold 
and completely at 200® to 300° into CO 2 and Hg; under certain conditions 
it 3delds a small proportion of aldehyde, but not in sufficient quantity to be 
of practical importance. Various bacteria produce the same change. The 
vapour of formic acid is inflammable and chars paper ; with air it may yield 
detonating mixtures, so that the factories must be well ventilated and lighted 
by electricity. 

USES OF FORMIC ACID. As formates it is largely used for making oxalic acid, while 
enormous amounts of free formic acid are used in 85 to 90 per cent, concentration ^ in the 
dyeing industry, since, owing to its low molecular weight, it competes with acetic acid, a 
le^s quantity being required to give a certain acidity. 

On account of its acid character and its reducing and antiseptic properties, it is 
used as an antiseptic in wine-making and brewing; it is also employed to increase 
the yield of alcoholic fermentations, where it can replace lactic acid (not always 
advantageously). 

Besides in the dyeing of wool, silk and wooUen and cotton fabrics (as it does not attack 
them), it is used with advantage to replace oxalic acid, lactic acid and cream of tartar in 
mordanting wool, since it reduces chromic acid more slowly and more completely, 
exhausting the baths and thus economising dichromate (1-5 per cent, in place of 3 per cent. ) ; 
in presence of formic acid wool is dyed more uniformly than with acetic acid. In the tan- 
ning industry it serves well to eliminate lime even from the most delicate hides, calcium 
formate dissolving well in water. 

Its use in large quantities has been anticipated for making cellulose formate 
or formylcellulose, which in some cases may replace cellulose acetate (Ger. Pat. 
189,837), and to prepare formic ester of glycerol (diformin) as a substitute for acetin 
(Ger. Pat. 199,873). It may be used also for making allyl alcohol by heating it with 
glycerol. 

STATISTICS AND PRICES. Before the European War the price for commercial 
26 per cent, formic acid (sp. gr. 1*064), was £12 per ton; for 50 per cent. (1*124), £22 ; for 
75 per cent. (1*170); £31 ; for 85 per cent. (1*190), £36 ; and for 96 to 98 per cent. (1*217), 
£54. The chemically pure acid at the same concentrations cost more than double. 

For large contracts the commercial 90 per cent, acid fell in price in 1913 to £22 to £24 
per ton, and competed keenly with acetic acid, which was largely replaced, especially in 
Prance, in the dyeing of wool and silk. t 

In 1913 the German output, from six factories, was estimated atfeoOO tons ; in Russia 
there were three factories, in Switzerland two, in Prance two, and one each in England, 
the United States, Holland and Austria. Early in 1920 the Societa Italiana Prodotti 
Esplodenti started a factory at Cengio. 

Presence of hydrochloric acid as impurity may be detected by dilution (1 : 20) and 
addition of silver nitrate : oxalic acid may be detected by neutralising with ammonia and 
adding calcium chloride. If no acrolein or aUyl alcohol is present, it does not give a pungent 
odour after neutralisation with caustic soda. 

SALTS OF FORMIC ACID are csLUed formates and are generally soluble in water and 
crystallisable ; almost all the characteristic properties and reactions of formic acid (reduc- 
tion, etc. ) are shown also by its salts. With concentrated sulphuric acid in the hot, they 
yield carbon monoxide. Formates are obtained by the action of carbon monoxide on 

1 Its strength is determined by means of standard sodium hydroxide solutions, using phenol- 
phtbalein as indicator, but when other adds are also present it is titrated with permanganate 
in alkaline solution or with chromic acid in acid solution. The CO evolved when it is treated 
with concentrated sulphuric acid may also be measured. When other organic acids are present, 
the dilute mixture is treated mth mercuric acetate at the boiling temperature, the mercurous 
acetate which separates being filtered off in the cold and dissolved in nitric acid, the calomel 
precipitated with soddum chloride then being weighed. Alternatively, dilute formic acid solution 
(0*2 gram per litre) may be treated with about 15 times the weight of mercuric chloride (calculated 
on the acid) dissolved in 200 c.c. of hot water, the liquid being well shaken and the mercurous 
chloride precipitate, after treatment with caustic soda, collected on a Gooch crucible, washed, 
dried, and weighed; multiplication of the weight by 0*097726 gives the weight of formic acid 
(Pranzen and Greve, 1909). Formic acid may be detected, even in presence of aldehydes, acetic 
acid, and methyl alcohol, by means of sodium bisulphite solution, which gives a reddish-yellow 
coloration. 
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metallic liydrosides in tlie liot and under pressure [see also Fr. Pat. 382,001, 1907, and 
U.S . Pat. 875,055, 1907). When heated at 200° to 400°, the alkali formates yield carbonates 
and oxalates and chemically pure hydrogen. Potassium formate, H-COOK, forms deli- 
quescent crystals, m.-pt. 150°. Sodium formate, H- COONa, crystallises well with SHgO 
at 0° or with 2 H 2 O at 17°, and the anhydrous salt melts at 200° (the pure salt costs 3s. 7i. 
per kilo, and the commercial salt Is. "Id.). Ammonium formate, H-COONH^, melts at 
115° and at a higher temperature decomposes into formamide, water, and a little hydro- 
cyanic acid; since, in its decomposition when heated, it gives nitrogen and carbon com- 
pounds, it is used to harden and cement steel (the pure salt costs as much as 9s. 6d. per kilo ). 
The magnesium, barium, and calcium salts are also soluble in water ; the last costs 4s. 
(pure) or 2s. (impure) per kilo. Lead formate, (H • COO) 2 Pb, dissolves only slightly in cold 
water, but readily in hot, and hence serves well to separate formic from other acids. Acid 
formates, such as H * COONa -f H • COOH, are also known. Silver formate is insoluble 
in water. 

ETHYL FORMATE, H • COgCoHg, is a colourless, volatile, inflammable liquid, sp. gr. 
0*948, b.-pt. 54*4°. It is obtained by heating in a reflux apparatus for ten hours at 80°, 
and stirring continually a mixture of 2 parts of alcohol, 3 parts of sodium formate, and 10 
parts of powdered sodium bisulphite, the ester being finally distilled. It has the odour of 
arrack, and is used as artificial essence of rum and also in the treatment of laryngitis and 
acute catatrh. 

The methyl ester boils at 32*3° and is used as a solvent for acetylcellulose. 

.0 

ACETIC ACID, CH 3 . C( 

\OH 

Ethanoic Acid 

Although its constitution was first deternoined by Berzelius in 1814, acetic 
acid has been known from the earliest times, since it forms easily in wine 
(vinegar), in many vegetable juices, in sour milk, in perspiration, in excreta, 
etc. In 1700 Stahl obtained it in a concentrated form by freezing the dilute 
acetic acid, then neutralising with alkaH and distilling the acetic acid after 
addition of sulphuric acid. It is often formed in the oxidation and combustion 
of many organic substances ; of the various synthetic processes for its prepara- 
tion, that of Kolbe (1843) may be mentioned : perchlorethane, in presence of 
water and under the influence of light, gives trichloroacetic acid : CCI 3 * CCI 3 
2 H 2 O = 8HC1 -j- CCI 3 • COOH, and this is reduced by nascent hydrogen to 
acetic acid. Commercially it is obtained from ethyl alcohol and especially 
by the dry distillation of wood {see later). 

PROPERTIES. When pure, acetic acid forms a colourless liquid of sp. gr.' 
1*0553 at 15° and specific heat 0*522 between 26° and 96°; it solidifies 
at *4-16*7° in white crystals (hence the name glacial acetic acid), which are very 
hygroscopic and have the sp. gr. 1*08 at 0 °; it boils at 118°, but evaporates 
considerably below this temperature owing to its high vapour pressure. It is 
soluble in all proportions in water, alcohol, and ether. It is one of the strongest 
organic acids and dissolves calcium carbonate with evolution of carbon dioxide. 
Its vapours burn with a bluish flame. It dissolves many organic and several 
inorganic substances (P, S, HCl, Fe, Al, etc.).^ When pure concentrated acetic 
acid is mixed with water, heating and contraction take place ; the specific gravity 
increases on dilution of the pure acid and reaches a maximum (1*0748) with 77 
per cent, of the acid (corresponding with the hydrate, C 2 H 4 O 2 -f HgO), after- 

^ Acetic acid readily attacks the common metals, especially iron, but if the latter is in the 
form of siliceous east-iron containing about 14 per cent, of silicon and 0*9 per cent, of carbon 
(as in tantiron, ironac, and helianite), it is moderately resistant. Pure silver withstands the action 
of the acid well, and copper is only sUghtly attacked if it is kept .shiny and unoxidised. Plant 

^ working with acetic acid is often of stoneware, which stands well if not exposed to con- 
siderable and rapid changes of temperature; quartz apparatus is able to withstand also such 
temperature changes (see Vol, 1., pp. 501, 741). 



ACETIC ACID 


329 


wards diminishing gradually as the dilution increases.^ Hence when the density 
of an acetic acid solutionis given it must be indicated whether it refers to solu- 
tions containing more or less than 77 per cent, of the acid. It cannot, however, 
be assumed that a chemical compound, CgH^Og + H 2 O, actually corresponds 
with the maximum density of the aqueous solution, since at other temperatures 
the maximum densities correspond with different compositions; thus, at 0 ° 
the maximum density is obtained with 80 per cent, of acetic acid and at 40° 
with 75 per cent. The strength of acetic acid generally refers to the weight and 
not to the volume of the acid. 

The lowest freezing-point is obtained (—27°) with the aqueous solution 
containing 60 per cent, of the acid (corresponding with a hydrate, C 2 H 4 O 2 + 
^HgO), whilst solutions with 84 per cent, and with 10 per cent, freeze at — 3*2°. 
Unlike those of formic acid and of mineral acids, aqueous solutions of acetic 
acid yield no distillate of constant composition. 

The vapour density of the acid indicates a mixture of simple and double 
molecules below 250°, and simple molecules alone above this temperature. 
With hydrogen bromide it forms reddish crystalline additive products, e. g., 
CHg • COOH, Brg, 4HBr. Certain bacteria decompose it into CH^ + COg. 

In contact with red-hot pumice, acetic acid vapour only partially decom- 
poses, giving acetone, COg, and a little phenol and benzene. Chlorine replaces 
first one atom and then three atoms of hydrogen in the CHg group ; bromine 
acts similarly at 120°, but iodine does not react. It resists in the cold the action 
of chromic acid or permanganate, but when heated with the latter forms CO 9 , ; 
it is very resistant to the action of reducing agents (sodium amalgam, etc.). 
The heat of combustion is 3700 Cals, (for 1 kilo). 

MANUFACTURE OF ACETIC ACID. The most important prime material for the 
manufactme of crude acetic acid — ^from which salts are obtained for the preparation of 
the pure acid — ^is wood,^ alcohol (from cereals and wine) being only rarely used. During 


^ Oudeman's Table ; specific gravity and concentration of acetic acid at 16®. 


Specific 

gravity 

Per cent, 
of acid 
by weight 

Specific 

gravity 

Per cent, 
of acid 
by weight 

Specific 

gravity 

Per cent, 
of acid 
by weight 

Specific 

gravity 

Per cent, 
of acid 
by weight 

Specific 

gravity 

Per cent, 
of acid 
by weight 

1-0007 

1 

! 

1-0185 

13 

1-0412 

30 

1-0646 

54 

1-0748 

78 

1-0014 

1-5 

1-0192 

13-5 

1-0424 

31 

1-0653 

55 

1-074S 

79 

1-0022 

2 

1-0200 

14 

1-0436 

32 

. 1-0660 

56 

1-0748 

80 

1-0030 

2-5 

1-0207 

14-5 

1-0447 

33 

i 1-0666 

67 

1-0747 

81 

1-0037 

3 

1-0214 

15 

1 0459 

34 

: 1-0673 

58 

1-0746 

82 

1-0045 

3-5 

1-0221 

15-6 

10470 

35 

i 1-0679 

59 

1-0744 

83 

1-0052 

4 

1-0228 

16 

1 0481 

36 

1 1-0685 

60 

1-0742 

84 

1-0060 

4-5 

1-0235 

16-5 

1-0492 

37 

! 1-0691 

61 

1-0739 

85 

1-0067 

5 

1-0242 

17 

1 0502 

38 

1 1-0697 

62 

1-0736 

86 

1-0075 

5-5 

1-0249 

17-5 

10513 

39 

1-0702 

63 

1-0731 

87 

1-0083 

6 

1-0256 

18 

1-0623 

40 

1-0707 

64 

1-0726 

88 

1-0090 

6-5 

1-0263 

18-5 

1-05.33 

41 

1-0712 

65 

1-0720 

89 

1-0098 

7 

1-0270 

19 

1-05431 

42 

1-0717 

66 

1-0713 

90 

1-0105 

7-5 

1-0277 

19-5 

1-0552 

43 

1 1-0721 

67 

1-0706 

91 

1-0113 

8 

1-0284 

20 

1-0562 

44 

! 1-0725 

68 

1-0696 

92 

1-0120 

8-5 

1-0298 

21 

1-0571 

45 

1-0729 

69 

1-0686 

93 

1-0127 

9 

1-0311 

22 

1-0580 

46 

1-0733 

70 

1-0674 

94 

r-0135 

9-5 

1-0324 

23 

1-0589 

47 

1-0737 

71 

1-0660 

95 

1-0142 

10 

1-0337 

24 

1-0598 

48 

1-0740 

72 

1-0644 

96 

1-0150 

10-5 

1-0350 

25 

1-0607 

49 

1-0742 

73 

1-0625 

97 

1-0157 

11 

1-0363 

26 

1-0615 

50 

1 1-0744 

74 

1-0604 

98 

1-0164 

11-5 

1-0375 

27 

1-0623 

61 

i 1-0746 

75 

1-0580 

99 

1-0171 

12 

1-0388 

28 

1-0631 

52 

1-0747 

76 

1-0553 

100 

1-0178 

12-5 

1-0400 

1 

29 

1-0638 

1 

53 

1-0748 

77 




“ The wood of deciduous trees, after being dried at 110°, contains about 50 per cent. 0, 6 per 
cent. H, and 44 per cent. 0, its calorific value being about 4000 Cals. ; air-dried wood, with 25 per 
cent, of moisture, gives about 2700 Cals. _ , . ^ i x-n x-* x xi. 

The chemical change occurring in the decomposition of wood subjected to distillation at the 
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recent years acetic acid has been manufactured synthetically from acetylene (see later : Acetic 
anhydride) similarly to the synthesis of alcohol {q.v . ). 

Dry Distillation of Wood. It has been already mentioned (see p. 38) that Lebon in 

1799 patented a process of 
dry distillation of wood for 
producing illuminating gas 
and on p. I 283 in dealing 
with the manufacture of 
methyl alcohol — also a pro- 
duct of the dry distillation 
of wood — ^the separation of 
the crude products of this 
distillation was described. 
A description will now be 
given of the apparatus used 
in this industry. It is not necessary to consider the primitive fuimaces formerly used, 
which gave a minimal yield and a slow and incomplete carbonisation, or the vertical 
retorts used in the early days of the industry, although these are again in use nowadays, 
but in a far more rational manner. These first vertical 
retorts were followed by horizontal ones, which are 
still used in many factories. 

These are formed of sheet iron (10 to 12 mm. thick) 
and are about 1 metre in diameter and 3 metres in 
length; they are arranged in pairs in furnaces (Figs. 

233, 234), with suitable flues for the hot gases, and 
they can be charged and discharged by means of a 
cover hinged at the back, although not very con- 
veniently. On this account, and also in order to 
obtain continuous working, and hence more efficient 
utilisation of the heat of the furnaces, use is again being largely made of vertical retorts, 
which can be removed from the furnace at the end of the operation, to be replaced 
immediately by other retorts already charged. In Fig. 235, on the left, is seen the 




Fig. 235. 


ordinary pressure is represented by Klason. (1914) by the following hypothetical equation, minimal 
empirical foimulse being ascribed to the wood, charcoal and tar, which are in good agreement 
with the elementary compositions of these products : 

,sO,8 = 2C15H10O2 . ■ 26H2O + 5 COa + SCO + 2CH3 • COaH -f CH3 OH + CoaHigO.. 

d. Charcoal “ Tar 

Under practical conditions, however, less charcoal, less water and more gas are obtained 
than this equation indicates. Air-dried beech, containing 25 per cent, of moisture, yields on 
the average : 26 per cent, of dry charcoal, 5 per cent, of acetic acid, 1*6 per cent, of methyl alcohol, 
8 to 9 per cent, of tar, 38 per cent, of water (25 per cent, from the moisture and 13 per cent, from 
the^cellulose, etc., decomposed), and 20 per cent, of gas (i. e., about 12 cu, metres per 100 kilos 
of wood). 
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arrangement of a battery of these retorts, with a trolley and crane H for raising and 
transporting the charged retorts, which are then emptied into the charcoal stove by 
means of the tipping trolley, K, The right-hand side of the figure shows in detail 
the upper part of a retort charged with wood. The capacity of each retort is about 
4 cu. metres or 1500 kilos of yood; the smaller pieces are placed at the bottom, 
the medium-sized ones next, and the largest ones at the top. In order that the retorts 
may not be worn out too rapidly by the external heat, they are smeared with a very thin 
layer of earth made into a 
paste with water and applied 
with a brush. Every charge 
of 1500 kilos requires 600 to 
^00 kilos of coal for heating 
and distilling. If leaks are 
detected during the heating, 
they are closed with clay, and 
it is for this purpose that the 
retorts project 15 to 20 cm. 
beyond the furnace. 

Although this arrange- 
ment is still largely used, it 
necessitates a considerable 
amount of manual labour 
and lifting, so that it has 
been proposed to feicline the 
retorts as in gas -manufacture 
{see pp. 41, 43 ), and to furnish 
them with apertures at the 
top for charging and others at the bottom for automatically discharging them. Fig. 236 
shows the section of a battery of these retorts {A ) of the Mathieu type, S giving the cross- 
section of a retort. The wood is charged automatically from the running buckets, c, 
suspended at g. At the end of the operation the charcoal is discharged below into the 
vessel, P, which is provided with a cover to prevent the hot charcoal from igniting in the 
air. The vapours from the distillation pass into the tube, H, which conducts them into a 
coil cooled by the water in T and then into the barrel, J, where the tar and the 

pyroligneous acid separate ; the gas, which does 
not condense, but is still partly combustible, is 
washed and passes through the pipe, h to be 
burnt under the furnace-hearth, D ; there is no 
danger of explosion, since, if there is any air in 
the retorts, it cannot communicate with the 
hearth, the barrel, J, serving as a water-seal. 

Of*" late years, use has also been made of 
vertical retorts (Fig. 237) with an upper orifice, 
0 , for charging, and a lower one, e, for discharg- 
ing (see Ger. Pat. 192,295, November 15, 1906). 
From the hearth, 6, the hot gases pass to the flues 
surrounding the retort and thence at jS to the 
shaft ; the gases and vapours from the wood issue 
from the tube, n, and are partially condensed in 
the refrigerator, m. At the end of the distilla- 
tion, the orifice, e, is opened and the charcoal 
discharged into the covered waggon, Ic, and conveyed to the store, whilst the retort, while 
still hot, is filled with a new charge of wood. 

In order to diminish labour and other costs, use has been made for some years in the 
United States and in Sweden of very large retorts or furnaces. That shown in Fig. 238, 
which is most commonly used in America, consists of a furnace with parallelepipedal 
chambers, trolleys entering at one end charged with the wood and leaving at the opposite 
end with the charcoal. The distillation is continuous and in each furnace are two retorts 
P. The furnace with the flues which serve for the circulation of the hot gases from two 




Fig. 236. 
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opposite hearths, I, or from a single producer, and which surround the rectangular, thick 
sheet-iron retorts or chambers, resembles somewhat a metallurgical coke furnace {see 
Vol. I., p. 452). The wood is loaded in large waggons, W, which run on the rails s. The 
vapour and gas leave the retort by the tubes T connected with the condensers F, the non- 
condensed gas passing through the tubes a to the hearth ; the arrows show the course of 
the hot gases in the vertical flues surrounding the retorts. 

If the retorts are heated, not with wood and charcoal, but by the gases produced with 
hot air in a regenerator furnace [see Vol. I., pp. 487 and 634), one-third of the fuel is saved.i 
In small retorts every distillation occupies from eight to sixteen hours, according as the 
wood is seasoned or not. It is of considerable advantage to bark or split the wood and 
to season it in piles for at least a year, dming part of the time protected from the rain; 
better still is it if before being charged into the retorts, the wood is dried or heated by 
the hot gases before these pass to the chimney. 



Fig. 238. 


acetic acid and by-products varies widely with the kind of wood and with 
the conditions of distillation. Preference is usually given to hard woods like oak, horn- 
beam, and beech; of less value are white woods, with the exception of lime, which gives 
good results ; the wood of trees eighteen to twenty years old, grown in a dry, poor soil and 


equation given in the note on p. 330. The reaction is exothermic tho 
with a almost 6 per cent, of the heat of combustion of the wood. Hence 

be nnlv furuaces in action, the amount of heat to be supplied for the distillation should 

250° (at whXthe above 

ofl bv the hS commences) and to evaporate the moisture of the wood, besides that carried 
K the that of the hot charcoal extracted 

contS! ^dos of wood yield aboht 12 cu metres 

since also *a f utilised for heating and 

be emnioved^tn ^ ^ of the hot charcoal mav 

tbA warm the wood pnor to distillation, the quantitv of wood burnt to beaf 

stsfrld only about 10 per Ut. of that distilled. In most VorkTeveX^^^ 


UTILISATION OF SAWDUST m 

cut in winter, is more suitable than young wood or wood grown on plains in a moist or 
fertile soil and cut at other seasons of the year.^ 

UTILISATION of" THE SAWDUST. Many attempts have been made, not always 
successfully, to utilise the various forms of wood refuse, especially the sawdust. This 
presents, however, considerable difficulty, owing to the excessive moisture, the large volume, 
the abundance of resins which char and form incrustations, and the low thermal con- 
ductivity, which prevents 
the heat from reaching the 
middle of the retort. 

The problem has not 
yet been de&iitely solved, 
but the forms of apparatus 
which up to the present 
have given the best results 
are that of Halliday (1851), 
shown in Fig. 239, and the 
more recent one of Rolle, 
used especially for distilling 
bituminous lignites {see p. 

334) and shown in Fig. 240. 

Above the Halliday furnace 
the moist material (saw- 
dust, exhausted dyewoods, 
etc.) is dried slowly in a 
and slowly descends a 
vertical screw moved by 
the cog-wheel, 6, into the 
horizontal iron cylinder ; there the mass is transported slowly to the opposite end by a 
horizontal screw and falls in a charred condition through the channel, d, into a water- 
tank, where it is extinguished. The vapours and gases from the distillation issue at e 
and / and pass to the condensing apparatus. The cylinder is heated by the hot fumes 
from the fire, p, several cylinders being heated at the same time in one furnace. 



Fig . 239. 


^ The yields obtained from 100 kilos of various kinds of wood, barked and subjected to 
rapid (i2, about three hours) or slow distillation {8, more than six hours) are given below : 





Aqueous acid distillate 



Kind of Wood 


Tar 

Total 

Strength 
of acetic 
acid 

Equal to 
pure 
acetic 
acid 

Dry- 

charcoal 

Gas 

Dogwood {Rliamnus fmngula) branches 

. 8 

Kilos 

7-58 

Kilos 

45-21 

Per cent. 

13-38 

Kilos 

6-05 

Kilos 

26-50 

Kilos. 

20-71 

Do. Do. 

R 

5-15 

^•23 

11-16 

4-49 

22-53 

32-09 

Hornbeam {Carmnus betidus) trunk 

8 

4*75 

47-65 

13-50 

6-43 

25-37 

22-23 

Do. Do. . . . 

R 

5-55 

42-97 

12-18 

5-23 

20-47 

31-01 

Alder {Alnus glutinosa) trunk 

8 

6-39 

44-14 

13-08 

5-77 

31-56 

17-91 

p 

p 

R 

7-06 

40-70 

10-14 

4-13 

21-11 

31-13 

Aspen {Populus iremula) trunk 

. 8 

6-90 

40-54 

12-57 

5-10 

25-47 

- 27-09 

Do. Do. 

. R 

6-91 

39-45 

11-04 

4-36 

21-33 

32-31 

Birch {Betula alba) trunl? 

. 8 

5*46 

45-59 

12-36 

6-63 

20-24 

19-17 

Do. Do. 

. R 

3*24 

39-74 

11-16 

4-43 

21-46 

35-56 

Beech {Fagus sylvatica) trunk 

. 8 

5-85 

39-45 

11-37 

6-21 

26-69 

21-66 

Do. Do. . . . 

■ R. 

4-90 

45-08 

9-78 

3-86 

21-90 

33-75 

Oak {Quercus rdbur) 

. 8 

3-70 

44-45 

9-18 

4-08 

34-68 

17-17 

Do. Do. . . . 

. R 

3-20 

42-04 

8-19 

3-44 

27-73 

27-03 

Austrian Pine {Finns laricio) trunk 

. 8 

9-30 

42-31 

6-36 

2-69 

26-74 

21-65 

Do. Do. 

. R 

5-58 

38-19 

5-40 

2-06 

24-06 

32-17 

Pine {Finns ah'es) trunk 

. 8 

5-93 

40-99 

5-61 

2-30 

25-55 

28-11 

Do. Do. . . . 

. R 

6-20 

40-15 

4-44 

1-78 

23-35 

32-80 


A detailed study of the distillation of chestnut wood was made by G. Borghesani in 1910. 
The bark and branches always give a smaller yield. 
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The Eolle furnace has been applied in Germany on a vast scale to the distillation of 
brown, pitchy lignite and allows of continuous working and high output. It serves also 
for distilling small wood waste. 

The furnace (Fig. 240) is 6 to 7 (or even 10) metres high and the inner cylindrical 
distillation chamber is about 1*7 metres in diameter. The outer masonry (shown with 
inclined shading) is of ordinary bricks, while the inner walls of the chamber and the flues 
D for the hot gases from the hearth H are of firebrick (dotted in the figure) of distinctly 
basic character (so as to prevent fusion with the basic ash carried over by the gases). 

The distillation chamber must be q[uite tight and the firebricks are fitted one into the 
other with a silicate or asbestos mastic. Contact of the material to be distilled with the 
hot peripheral walls of the inner part of the chamber is ensured by inserting a column of 



Fig. 240. 


truncated conical rings of siliceous cast-iron or enamelled iron, these being superposed 
and kept in position by a central vertical rod joined by transverse rods to certain of the 
rings ; the uppermost conical ring is provided with a cover. The wood waste is charged 
peripherally at the top and gradually chars as it passes automatically to the bottom, where 
it collects in the hopper F and is discharged periodically, by opening G, into the iron 
truck underneath, this being at once covered to prevent ignition of the charcoal 

The gases and vapours produced pass between the rings into the inner space, from which 
they are drawn through the tubes A and B to the external condensation apparatus. The 
non-condensed gases are led through K to the distributor 1 in the hearth H, where they are 
burnt together with charcoal and wood, the combusted gases passing through the flue M 
to the chimney j these non-condensed gases are sent to the hearth only when the walls of 
the furnace are already very hot, since otherwise they extinguish the fire. Use of the 
gases in this way saves more than one-half of the fuel, 30 kilos (instead of 80 to 100 kilos) 
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of the latter being then sufficient for the distillation of 100 kilos of wood. With large 
fenaces the heating may be effected solely with gas (obtained partly from producers). 
These chamber retorts are 15 to 18 metres in length and contain four or five trucks, each 
holding 6 to 8 cu. metres of wood. 

P. H. Meyer obtains better results by using two large retorts or cylinders set horizontally 
m a furnace. Into these cylinders run trolleys carrying metal plates with the sawdust 
spread out in thin layers. The fire is started and the first cylinder heated and distilled 
rapidly, the hot fumes then going to heat the second cylinder and so dry the sawdust, 
which is made ready for distillation, whilst the first cylinder is discharged and again charged 
wi|h fresh sawdust. In Russia and America, large quantities of resinous woods are distilled, 
and these yield considerable amounts of resins and oils (of pine, turpentine, etc.) if super- 
heated steam is used. 

A large works was started at Cassel in 1900 to distil sawdust according to the Bergmann 
patents, the sawdust being strongly compressed into bricks with the hope of expressing 
the moisture and obtaining compact charcoal ; neither of these ends was attained and the 
works failed. Similar to this is the Heidenstam process, according to which the charcoal 
is pressed also during its formation or distiHation. Biihler (1902) dries the sawdust with 
the hot flue gases and then carbonises it, the powdered charcoal being pressed with tar 
and fresh sawdust into blocks, which are afterwards heated in a charcoal furnace to char 
the sawdust and tar, and to obtain bricks of light wood charcoal; the volatile products 
of this second distillation are also recovered.^ 

In 1905 the suggestion was made to distil wood in retorts in a current of chlorine so as 
to obtain acetic and hydrochloric (70 per cent, of the chlorine used) acids at the same time, 
but grave difficulties were encountered in obtaining a material resistant to these acids. 
Further, Larsen constructed rotary furnaces for the distillation of wood, and in 1904 an 
attempt was again made in Sweden to distil resinous woods with superheated steam so 
as to obtain an increased yield of turpentine. 

The liquid products from the dry distillation of wood are condensed in cooling coils and 
collected in large wooden vats. They consist mostly of an aqueous solution of acetic acid ’ 
(see Table in preceding note), methyl alcohol (about 1 per cent.), and acetone (nearly OT 
per cent. ), and of small quantities of other acids (formic, propionic, butyric, valeric, caproic, 
etc.). On this liquid floats part of the tar, the rest of which collects at the bottom; the 
tar may be easily separated by decantation or by means of a centrifuge — such as is used 
for the separation of cream from milk— a low temperature and sometimes addition of a 
little tannin being used to facilitate the separation.^ The aqueous solution, which is 
brown, and has an unpleasant odour owing to the presence of empyreumatic products, 
may be treated in various ways according as crude acid or a purer acid is required. In 
the first case it is filtered through wood-charcoal, left to stand for a week to see if any 
further tar separates, and then distilled fractionally from a large copper stiU ; the methyl 
alcohol and acetone are first collected (at 60° to 70°) and then the crude pyroligneous acid 
(beyond 95°), which has a strong empyreumatic odour, turns brown rapidly in the air and 
contains 6 to 8 per cent, of acetic acid. 

None of the attempts made to purify and deodorise this product have given satisfactory 
results and to obtain a less impure acetic acid, calcium acetate is first formed and from this 
the acetic acid recovered {see later). 

The separation of the various components of the crude pyroligneous acid and the 
simultaneous preparation of calcium acetate is usually effected by a process in which three 
boilers are employed (Fig. 241). The crude, decanted pyroligneous acid is pumped into 
the large vat, A, from which it passes to the copper boiler, (3000 to 5000 litres), where 
it is boiled by means of steam-pipes (steam entering at 7 under 3 to 4 atmos, pressure 
and the condensed steam issuing at 8). The vapours of acetic acid, methyl alcohol and 
acetone are passed through the tube, t, to the bottom of the second boiler, B^ (1000 to 

^ Sawdust from the wood of the Conifers (resinous) is not suitable for distillation, as it gives 
lower yields of charcoal, acetic acid and methyl alcohol than that of deciduous trees, especially 
of hard woods ; further such sawdust contains scarcely any of the valuable pine oil and the tar 
is of little value. 

The tar is washed with water and heated to recover the acetic acid it contains, the tar thus 
obtained free from acid being used in the manufacture of rubber and of electric cables, its price' 
being 4s. to Ss. per cwt. 
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2000 litres), filled with milk of lime (from the lime-tank, X), which soon becomes heated 
nearly to boiling but retains the greater part of the acetic acid as calcium acetate, whilst 
the vapours proceed through the boiler, which also contains milk of lime; finally, 
the methyl alcohol and acetone vapours are condensed in the cooler, and collected 
in the reservoir, D, after passing through the test-glass, m, which indicates the density 
(see Kg. 131, E, p. 160, and Fig. 134, E, p. 161 ). The distillation goes on until the density 
reaches the value 1 - 00 , this usually ocemving when one- third or one- quarter of the total 



Fig. 241. 

liquid of the boiler, is distilled. The first methyl alcoholic liquid which condenses, 
being more concentrated (30 to 40 per cent.), is kept and rectified apart from the remaining 
more dilute liquid by means of an ordinary rectifying column, ^ 3 , in Fig. 241 

(see also Fig. 140, p. 165 ). 

The aqueous tarry residue left in Bj, after evaporation of all the acetic acid, is discharged 
into the movable tank, M, 

When the liquid in the second boiler, B^, assumes an acid reaction, the vapour from 
B^ is passed into JSg, whilst is discharged into the vat, j’l. below, and again filled with 
milk of lime, into which the vapours from B^ pass before they 
proceed to the condenser, B^; a similar change is then made 
when the contents of B^ become acid, and so on. The calcium 
acetate (about 20 per cent.) is pumped to the filter-press, 
and the clarified solution collected in the vat, G, which feeds 
the evaporating pans (iron or copper) fitted at the bottom with 
a lens-shaped jacket, Cy This is best seen in Fig. 242 : the 
steam for heating is passed in at a and the condensed steam 
runs- off at & ;/ is a hood fitted with counter- weights, g, and 
hence capable of being raised, its object being to carry off the 
irritating acid vapours rising from the pan. More effective are 
pans with double concave bottoms. The concentration readily 
attains a value of 40 per cent. ; the liquid then becomes pasty 
and must be stirred, this being continued until the mass will crumble between the 
fingers. The acetate is then lightly roasted at 125° to 145° on iron or copper plates heated 
by the hot gases from the pans or from the furnaces used for distilling the wood. By this 
means the mass loses the residual water and certain volatile tarry and empyreumatic 
products retained by the mass, which changes from brown to grey, if it is kept well mixed 
Tontil it can be powdered between the fingers. For this roasting use is also made of con- 
tinuous furnaces similar to the Hasenclever apparatus for making calcium hypochlorite 
{see Vol. I., p. 624), steam at about 200° being passed in at the bottom of the apparatus 
instead of chlorine. In this way a product containing up to 80 to 82 per cent, of calcium 
acetate is obtained. According to XJ.S. Pat, 927,135 (1909) white calcium acetate of very 
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high purity (86 to 92 per cent. ) is obtained if the concentration and drying are carried out 
in a vacuum. The product is then broken up somewhat, and sold in bags holding 60 to 
70 kilos. It contains 80 to 84 per cent, of pure calcium acetate,^ 10 to 12 per cent, of water 
(half of which is lost only at about 150°), and 6 to 7 per cent, of impurities (CaCOg, CaO, 
tarry matters, etc.). 

F. H. Meyer (Ger. Pat. 214,558, 1908) obtains calcium acetate free from phenolic 
compounds (which calcium acetate usually holds very tenaciously in the form of an emul- 
sion) by passing the gases from the distillation of the wood — ^when freed from tar — into 
a tower containing lumps of calcium carbonate, which combines with the acetic acid but 
not with the phenols. 

Also the fractional condensation method described in U.S. Pat. 969,635, 1910 (1. Heckcl), 
although somewhat complicated, represents a marked improvement. 

”’To obtain acetic acid from calcium acetate, the latter was formerly decomposed with 
hydrochloric acid. Nowadays, however, the decomposition is effected with concentrated 
sulphuric acid, the substances being mixed slowly in shallow iron pans arranged over a 
furnace and fitted with covers and stirrers : for 100 kilos of calcium acetate, 65 to 70 kilos 
of commercial sulphuric acid of 66° Be. In order to avoid the formation of sulphur dioxide 
and other decomposition products at the high temperature attained initially and pre- 
vailing during the distillation, K. Linde distils in a vacuum with steam-heat (superheated 
if necessary); this procedure render’s 
the operation more rapid and the 
acetic acid purer, besides reducing 
the consumption of sulphuric acid 
almost to the theoretical amount 
(60 kilos) and allowing of the treat- 
ment of larger quantities of material 
at a time ; further, the final portions 
of acetic acid, which are retained 
with great tenacity by the calcium 
sulphate, may be more easily and 
completely separated. The left-hand 
half of Fig. 243 shows diagram- 
matically the arrangement used in 
treating calcium acetate, when 
vacuum distillation is not employed. 

The sacks of calcium acetate, cs, on 
the upper floor are tipped through a hopper on to the flat cast-iron pans, &, fitted with 
stirrers; the pans are then closed and the measured amount of sulphuric acid in % 
(supplied from the large leaden tanks, e), slowly introduced. The mass, which begins 
to heat, is then heated by the fire underneath, the stirrers being kept in motion 
meanwhile. 

The acetic acid is gradually evolved from the copper tube leading first to the vessel, c, 
where the powder and acid spray carried over are deposited, and then to the copper coils 
in d, where the acetic acid is condensed and cooled, to he collected in the tank, m ; a lateral 
test-glass, containing an aerometer, is fitted to the condenser and allows the density of 
the distilled acid to be read off at any moment. When the vapour-delivery tube begins 
to cool, the operation is at an end ; the fire is then covered with ashes and the residual 
calcium sulphate discharged through a wide lateral tube, 7r, and conveyed from the factory 
by an archimedean screw. Another distillation is then immediately commenced. 

^ The strength of commercial calcium acetate is determined by introducing a homogeneous 
sample of 5 grams into a distilling flask with 50 c.c. of water and 50 c.c. of pure phosphoric acid 
(sp. gr. 1-2) ; the mixture is shaken and heated gently to avoid frothing, the distillation products 
being cooled and condensed. When the residue becomes dense, the distillation is continued in a 
current of steam. The distillation is continued until the distillate amounts to about 200 c.c. ; 
this is then made up to 250 c.c. Part of this liquid is tested for hydrochloric and phosphoric 
acids and 50 c.c. of it is titrated with normal caustic soda solution with phenolphthalein as 
indicator to determine the amount of acetic acid ; 1 c.c. of the normal soda solution corresponds 
with 0*079 gram of calcium acetate. This titration also gives, besides acetic acid, traces of 
other volatile acids contaminating the calcium acetate, but this error is inevitable. Aqueous 
solutions of pure calcium acetate have the following densities : 5 per cent., 1*0330 ; 10 per cent., 
1*0492,* 16 per cent., 1*0666 ; 20 percent., 1*0874; 25 per cent., 1T130; .30 per cent., 1*1426. 

VOL, II. 22 
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Tlie yield from 100 kilos of calcium acetate amounts, under favourable conditions, to 
80 kilos of 72 to 75 per cent, acetic acid, which always contains a few per cent, of sulphurous 
acid. Part of the latter has been already eliminated during the distillation as uncondensed 
gas and carried to the chimney. During recent years the introduction of vacuum dis- 
tillation has been almost universal, as it economises fuel, gives an increased yield and a 
purer product, and accelerates complete distillation with a minimal production of sulphurous 
acid. 

It will be readily understood that the use of less concentrated sulphuric acid and moist 
calcium acetate gives a more dilute acetic acid. A large part of the acetic acid is put on 
the market as it is or diluted with water to bring it to a concentration of 40 per cent., which 
is often required practically. 

When, however, purer and more concentrated acid is desired, use is made of a rectifying 
column quite similar to those employed in the case of alcohol {see p. 165). The column 
is, however, constructed of copper, as this metal is more resistant (although not com- 
pletely so ) than others towards organic acids, if air is excluded. The heating is carried 
out with indirect steam under 5 atmos. pressure, which circulates in coils at the bottom of 
the still. The copper column is fitted inside with perforated plates of porcelain or baked 
clay arranged alternately with copper or clay rings ; the condenser consists of a copper, 
or, more rarely, a clay coil. The right-hand half of Fig. 243 represents the rectifying 
apparatus : g is the still, h the column, / the dephlegmator, and i the condenser. When 
the apparatus is not in use it is well rinsed and then completely filled with water, in order 

to prevent the acid, in presence of air, from 
attacking the copper. The first portion (about 
one-fourth) of the distillate is kept separate, as 
it is more dilute and contains the sulphurous 
anhydride and a large part of the empyi-eumatic 
products, and the last tenth or more is not 
distilled, but is also kept separate, being very 
impure. According as more or less foreshots 
and tailings are separated, a very concentrated 
(96 to 99 per cent.) acid, or one of about 
80 per cent, strength is obtained, both, how- 
ever, containing traces of copper and empy- 
reumatic products; the latter may be removed by mixing the acid in clay vessels 
with a little concentrated potassium permanganate and then filtering. The empyi’eumatic 
substances may also be removed (e. g., in the manufacture of essence of vinegar) by dis- 
tilling the acid over potassium chromate. Traces of copper are eliminated by redistilling 
this acid from a copper still by means of indirect steam, the condensing coils and tubes 
being of earthenware or silver and carboys being used for collecting the pure, refined acid. 
Nowadays it is sometimes considered preferable to construct the small head of the still 
and the whole of the refrigerating coil of silver, as is shown in Fig. 244, since the coil then' 
conducts heat well and is not much more expensive than the two earthenware coils necessary 
to give the same rapidity of condensation; besides which, earthenware coils are fragile 
and of no value when broken.^ According to Ger. Pat. 220,705, 1907, pure acetic acid 
containing only traces of SOg may be obtained by heating calcium acetate (100 parts) to 
130° in a vacuum and then introducing a mixture (55 parts) of equal amounts of acetic and 
concentrated sulphuric acids ; by continuing the heating in a vacuum, the whole of the 
acetic acid, including that added, distils over, the yield being 95 per cent. 

During the winter care must be taken not to cool the condensing coils too much, as 
otherwise the pure (glacial) acetic acid may solidify and cause obstruction. Also in stores 
where acetic acid is kept in wooden casks, earthenware vessels, or carboys, the temperature 

^ Testing of acetic acid. If no empyreumatic products are present, a mixture of 10 c.c. of 
the acid, 15 c.c. of water, and 1 c.c. of 0*1 per cent, potassium permanganate solution will remain 
reddish in colour for more than one minute. The acid should not contain higher homologous 
acids ; these are detected by dissolving PbO (litharge) in the 30 per cent, acid until only a faint 
acidity remains, the solution being then heated and filtered ; if the crystals which form are not 
transparent and colourless, but show white flocks like mould, the acid is to be rejected. The 
presence of other organic acids in acetic add may also be detected by fractionally precipitating 
the silver salt and determining the silver in the separate fractions by heating in a crucible. Pure 
silver acetate contains 64-6 per cent, of silver. For other tests see note on p. 340. 
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must be maintained above 16'" if troublesome solidification of large quantities of tbe acid 
is to be avoided. Glacial acetic acid is also prepared by distilling 92 parts of pure dehydrated 
(by fusion at 240°) sodium acetate with 98 parts of concentrated sulphuric acid. In 1901 j 
the Rhenania chemical firm patented a process for distilling calcium acetate with a sodium 
polysulphate, NaHg (804)2, which acts like sulphuric acid but without giving secondary 
decomposition products. Formerly, glacial acetic acid was obtained by Melsen's reaction 
(1844), which consists in adding potassium acetate to dilute acetic acid and evaporating 
until a salt, combined with acetic acid, crystallises ; this salt, which melts at 148°, decom- 
poses at 200° to 250°, pure glacial acetic acid distiliing and the potassium acetate (which 
decomposes only above 300°) remaining for a subsequent operation. 

SYNTHETIC ACETIC ACID FROM CALCIUM CARBIDE. This process was 
despribed on p. 1 71 , in the chapter on synthetic alcohol. In a works erected by the Societa 
Italiana Prodotti Sintetici (SIPS) to make use of the Lonza process, the oxidation of tho 
acetaldehyde formed as an intermediate product [see p. 171) is to be effected by means of 
oxygen from liquid air. The economical synthetic manufacture of acetic anhydride seems 
assured, and glacial acetic acid will probably be obtained with the help of the dilute acetic 
acid produced by the older processes. 

USES OF ACETIC ACID. Considerable quantities of commercial acetic 
acid (35 to 40 per cent. ) are used in printing and dyeing wool and silk, especially 
with alizarin and other dyes which withstand feebly acid baths; it is also 
largely employed for giwing silk its characteristic rustling property after dyeing 
or cleaning. The pure acid serves in the preparation of numerous acetates 
(ammonium, chromium, and aluminium — ^which are used in dyeing fabrics 
and rendering them impervious — ^lead, etc.), different esters and various 
aniline dyes. After it became obtainable in a pure state by rectification, it 
acquired great importance for the preparation of essence of vinegar (various 
aromatic herbs being added) and, when diluted with water, replaces ordinary 
table vinegar. 

Glacial acetic acid serves also to separate the paraffin wax from lignite and 
petroleum tars [see pp. 94 and 97). According to Tanne and Otelander 
(Ger. Pats. 226,136 and 227,334, 1909), 100 kilos of petroleum residues is treated 
in the hot with 45 kilos of benzine and 5 kilos of glacial acetic acid, the liquid 
being decanted off and cooled slowly for twelve hours ; the dishes containing 
the solution are then kept in a refrigerating chamber below 0°, the paraffin 
wax separating being finally removed by means of hydraulic presses. 

It has been proposed to denature acetic acid, to be used in chemical 
industries, by adffition of formic acid, so that it may be freed from taxation (in 
Italy). 

STATISTICS OF ACETIC ACID AND CALCIUM ACETATE. Before the European 
war but little calcium acetate was produced in Italy, but large quantities of calcium acetate 
were imported from the United States (import duty 85. per ton) and treated; this 
importation amounted to : 

. 1903 1905 1910 1913 1914 1915 1916 1917 1918 

Tons . 407 1,625 1,320 2,326 2,023 2,604 2,168 2,891 847 

Value, £ . — 12,654 13,199 27,314 21,040 63,300 130,080 208,200 61,000 

Large amounts of acetic acid of various strengths are also imported into Italy.^ 

^ The manufacture of crude pyroligneous acid in Italy is exempt from taxation, but the 
rectification and production of the pure acid are subject to a manufacturing tax of 12a. per 
quintal (of pure acid ) for acid of less than 10 per cent, strength ; 415. for 10 to 30 per cent, acid ; 
725. for 30 to 50 per cent, acid ; IOO5. for 60 to 70 per cent, acid ; 1295. for 70 to 90 per cent, acid ; 
and 1445. for stronger acid. The Customs import tariff adds a further tax of from 19d. to 17s. 6d. 
according to the strength. The production of pure dilute acetic acid for artificial vinegar is 
usually effected by the oxidation of alcohol, which is supplied almost free from the alcohol tax, 
although the acetic acid tax remains. 
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For Germany the importation and exportation are as follows (tons) : 

1905 1908 1910 1911 1912 1913 

Calcium acetate imported . . 20,500 17,394 17,860 20,408 21,690 20,920 

Glacial acetic acid or anhyd-\ j^200 1,570 1,490 1,774 1,597 

ride exported J 

The calcium acetate is imported principally from the United States and partly also from 
Austria. In Germany itself more than 16,000 tons of the acetate are made annually. In 
1910 Germany imported 4800 tons of dilute pyroligneous acid (less than 30 per cent, 
strength) for purification. 

The output of calcium acetate in the United States ^ was 400,000 tons in 1900 and about 
800,000 tons in 1914, one-half being exported (360,000 tons in 1911). The acetic acid 
consumed in the United States amounted to 14,000 tons in 1900 and 13,500 tons in 1905, 
14 per cent, being used in making dyes, 3 per cent, for lead acetate, 25 per cent, in paper- 
making, 45 per cent, in the textile industries (dyeing), 14 per cent, for making white lead, 
and 9 per cent, for other purposes. 

In 1910 the wood from 200,000 hectares (490,000 acres) of forest was distilled in France, 
various products of the value £600,000 being obtained. The amounts of calcium acetate 
imported and exported were as follows (tons) : 



1913 

1914 

1915 

1916 

Importation 

. 180 

969 

498 

790 

Exportation 

315' 

41 

729 

60 


Great Britain imported 3500 tons of calcium acetate in 1909 and 4300 tons (£86,400) 
in 1910. 

In 1909 Brazil imported acetic acid to the value of £120,000. 

The price of the acid varies with the purity and concentration; ordinary commercial 
30 per cent. (sp. gr. 1*041) was sold before the war at about 12s.; the 40 per cent, acid 
(sp. gr. 1*052) at 15s. to 16s. ; and the 50 per cent, acid (sp. gr. 1*061) at 20s. per owt. The 
pure acid costs 25 per cent, more than the commercial at the same concentration, and the 
pure glacial (99 to 100 per cent.) 445. to 46s. per cwt.^ 

MANUFACTURE OF VINEGAR 

‘ Vinegar is formed by the acetic fermentation (by means of Mycodermd aceti, Bacillus 
aceticus, or Bacterium aceti, see p. 145, Fig. 116, a) of saccharine liquids which have under- 
gone alcoholic fermentation, such as wine, beer, cider, etc. Since this transformation of' 
alcohol into acetic acid takes place merely on exposure of these liquids to the air, it is 

^ In the United States the distillation of wood has been organised, both technically and 
commercially, as a large modem industry, all the works being combined to a syndicate, which 
regulates the trade in calcium acetate with the whole world. In 1900 1,767,380 cu. metres of 
wood were distilled and in 1907 about 4,391,000 cu. metres (only 10 per cent, of resinous wood) 
in 100 distilleries, the mean yield being 0*5 cu. metre of charcoal, 8 to 10 litres of 82 per cent, 
methyl alcohol, 22 to 25 kilos of 80 to 82 per cent, calcium acetate, and 15 to 20 litres of tar per 
cu. metre of wood, and with a consumption of 0*6 cu. metre of wood for heating the retorts, stills 
and other plant. • One-half of the output of the United States is supplied by Michigan and one- 
fourth by Pennsylvania. , 

In Canada there are wood-distilling works at Quebec, Ontario and Montreal, where also 
products from other factories are treated. Altogether 2300 workpeople are employed, the 
annual output being 80,000 tons of wood charcoal, of the value £120,000, 14,000 tons of calcium 
acetate, of the value £100,000, 400 tons of acetone, worth £240,000, and 1400 casks of formaldehyde, 
worth £100,000. 

^ Testing of Acetic Acid. Better than by the specific gravity the strength is determined by 
titrating a weighed quantity of the acid with normal caustic soda solution (1 c.c. = 0*06004 
gram of acetic acid) in presence of phenolphthalein. When the acid contains more than 2 per 
cent, of water it no longer dissolves cedarwood oil or oil of turpentine. Metallic impurities are 
detected by diluting 10 c.c. to 100 c.c., neutralising with ammonia and adding ammonium sul- 
phide and then ammonium oxalate : the pure acid should show no alteration or precipitate. 
If sulphuric acid is absent, the acid, diluted with 10 volumes of water and treated in the hot with 
barium chloride, ^ves no precipitate even on standing for some hours. la absence of hydro- 
chloric acid, dilution and addition of nitric acid and silver nitrate produces no turbidity. Absence 
of empyreumatic products is shown by mixing 5 c.c. of the acid with 15 c.c. of water and 6 c.c. 
of centinormal permanganate solution : the liquid should not become decolorised in fifteen 
minutes. For the detection of other organic acids in acetic acid and other tests, see notes on 
pp. 338 and 344. 
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probable that vinegar and bence acetic acid was the first acid known to man. The same 
result is obtained by treating alcohol with various oxidising agents (chromic acid, ozone, 
manganese dioxide and sulphuric acid, etc.), but acetaldehyde is also largely formed in 
these cases, which hence do not compete in practice with the biological process. The 
composition of vinegar was studied by Berzelius (1814), and Kiitzing in 1837 showed 
the importance of the living organism of the mother-of- vinegar to the formation of acetic 
acid, while Turpin in 1840 examined and characterised these micro-organisms more exactly. 
According to Liebig, the transformation of alcohol into acetic acid is brought about by 
the catalytic action of certain nitrogenous substances capable of fixing oxygen from the 
air and of yielding it to the alcohol. In 1868, however, Pasteur showed that this pheno- 
menon is caused by a vegetable organism, Mycoderma aceti, formed of small, oblong cells 
(about 3 micro-mm. long), slightly constricted in the middle (where segmentation then 
takes place) and often arranged in chains. When these multiply at the surface of the 
alcoholic liquid, they form first a thin membrane which gradually thickens, and when this 
membrane is formed in the body of the liquid it becomes mucilaginous and spreads through 
the whole liquid, giving a compact mass — ^the so-called moiJier-qf -vinegar — ^reaching to 
the surface. It develops very well in slightly alcoholic liquids (3 to 6 per cent., but better 
with 13 per cent- of alcohol, and still more readily in presence of about 1 per cent, of acetic 
acid and 0-1 per cent, of phosphate); the most favourable temperature is about 30°, aceti- 
fication ceasing at 45° or below 5°; the action is retarded by light. When the acetic 
membrane becomes submerged, the fermentation ceases and only recommences with the 
formation of a fresh superficial membrane, which can absorb oxygen from the air and 
transfer it to the alcohol : ^ 

CHg • CHg • OH + O 2 = HgO + CHg • COOH. 

According to this equation, the theoretical yield is 60 grams of acetic acid per 46 grams 
of alcohol, but the practical yield is 15 to 20 per cent, less than this ; under the most 
favourable conditions, a liquid containing 10 per cent, of alcohol by volume yields a vinegar 
with 10 per cent, of the acid by weight. When almost all of the alcohoTis converted into 
acetic acid, part of the latter begins to decompose into HgO-fi- CO^; this change may be 
avoided by continuing to add alcohol to the acetic liquid or by causing the mother-of- 
vinegar to sink, and decanting the liquid. The old or slow wine vinegar process, known 
as the Orleans jprocess,^ has been replaced almost everywhere by the more rapid German 

^ This explains the harmful effect of vinegar worms (small worms belonging to the Nematodes ), 
which form a transparent, white, slimy mass moving along the walls of the vessel, and breaking 
the skin of Mycoderma aceti at the surface 
of the liquid and hence causing it to sink. 

Another enemy of vinegar is the vinegar mite 
(an insect | mm. in length ), which multiplies 
at an enormous rate and accumulates in 
large masses in the vinegar, succeeding in 
interrupting the acetic fermentation and 
starting putrefactive changes. In order to 
prevent the entry of these insects into the 
vats and casks, the latter are smeared out- 
side with a ring of birdlime, to which the 
mites become fixed. Direct sunlight also 
hinders the development of the worms. 

Also Mycoderma vini hinders the develop- 
ment of Mycoderma aceti, and equally harm- 
ful to acetic fermentation are antiseptic 
substances in general, sulphur dioxide and 
empyreumatic substances (including those of pyroligneous acid). Blue and violet light (hence 
white light, but not red or yellow light) likewise retard the growth of Mycoderma aceti.' 

2 This process is one of the oldest, and was formerly, and is still, carried out more especially 
in the town of Orleans, by filling a number of superposed casks (Fig. 245) to the extent of one- 
eighth of their volume with good wine vinegar and then adding each week about 10 litres of wine 
(or wine-dregs, containing 8 to 10 per cent, of alcohol, filtered through beech shavings in the vat, 
R; white wines are preferable). When the casks are about half -full, the vinegar is made, and 
two-thirds of it is draym off and either filtered through beech chips or allowed to deposit in the 
vat, R', underneath ,* the addition of 10 litres of wine per week is then continued. By means 
of the stove, X, the temperature is maintained at 25° to 30°. This method gives a fine, aromatic 
vinegar, but it is very slow and cannot be interrupted when desired. Pasteur prepared vinegar 
of an irierior quality more rapidly by adding a little vinegar to wine in wide, shallow vats and 
then sowing on the surface a little pure Mycoderma aceti from another vat. 



Fig. 245. 
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Fig. 246. 


process, proposed by Schutzenbacli in 1823 and subsequently greatly improved. As early 
as 1730, however, Boerhave prepared vinegar — and in some places his method is used even 
to-day — ^by means of two vats standing on feet and communicating at the bottom by 
means of a tube. One vat is filled with the wine, but the other is only about half filled, 
the vinasse not being submerged. Every twelve hours the full vat is half emptied into the 
other. If the temperature is kept at 25® to 30®, acetification 
is complete in 12 to 15 days. 

In the German or quick vinegar process, wooden vats, 2*5 
to 3 metres high and 1*5 to 2 metres in diameter, are used 
(Fig. 246). These are filled almost completely with beech 
shavings, which are supported on a perforated false bottom, 
L, and covered with a wooden disc with perforations 
traversed by cords held by knots so as to form a unifoi''m 
spray of the alcoholic liquid (8 to 10 per cent. ), mixed with 
one-fifth of its volume of wine vinegar, over the wood chips. 
Six or seven glass tubes passing through the upper disc 
allow of a continuous circulation of air, which enters at 
the periphery of the lower part of the vat through the 
holes, Z, and through the pipe, R, passes through the 
shavings — ^which become gradually warmed as acetification 
proceeds — ^and issues through the apertures, Z', at the 
top. The temperature is shown by a thermometer, T, inserted in a glass tube, reaching 
to the middle of the vat. When the temperature exceeds 40®, it is lowered by a more 
rapid passage of the alcoholic liquid, which collects at B and is discharged by the siphon, 
H, to be conveyed to the top of the vat and again circulated through the shavings, this 
process being continued until acetification is complete. In some cases three such vats are 
superposed, the liquid passing down through them all ; after one or two complete circula- 
tions the operation is complete, although the amount 
of acid formed is not equal to that of the alcohol in 
the original liquid. 

The liquids thus obtained contain up to 12 to 13 
per cent, of acetic acid (14 per cent, cannot be 
exceeded, as the Mycoderma would then be killed) 
and, if the operations are conducted with care, less 
than 10 per cent, of the alcohol used is lost ; other- 
wise, especially if the temperature becomes too high, 
so that part of the alcohol evaporates, the loss may 
amount to 30 to 50 per cent. 

Vinegar of an inferior quality is largely prepared 
nowadays from various alcoholic liquids made from 
cereals, starch, beetroot, or molasses, just as in- 
dustrial alcohol is prepared, but such vinegar lacks 
the pleasant aroma of wine vinegar. Euring recent 
years, however, especially in Germany, alcohol 
vinegar has been greatly improved by using pure 
cultures of selected bacteria. In 1912, about 30,000 
hectolitres of alcohol were converted into vinegar in 
Austria and 150,000 in Germany. 

It has been proposed to accelerate acetification 
by means of compressed air, but greater success 
has attended the UiAidia or Luxemburg method, in which acetification is carried out 
m rotati^ casks (5 to 6 hectolitres) 'filled with beech shavings (washed first with hot 
water and then with hot vinegar) and traversed by two osier tubes, one along the horizontal 
axis and the other along the vertical axis, to aUow of the circulation of air. The shavings 
are washed with wine vinegar, and the cask about haU filled with wine (Kg 247) 
During the first three days the casks are rotated three times a day and suhsequmtly six 
times a day. Acetification is complete in about eight days. 

of continuous method for the manufacture of vinegar is that 

of ViUou (Fig. 248), which makes use of two drums (2 metres by 2 metres), B B, arranged 



Fig. 247. 
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inside in tlie form of a spiral. The iron spirals are covered or varnished with gutta-percha, 
and are 30 metres in length, the coils being 10 cm. apart and the spaces between filled with 
beech shavings (washed with HCl) or charcoal. The drums rotate in opposite directions, 
the left-hand one rotating once in five minutes and dipping up each time 8 litres of the 
alcoholic liquid from the vessel, G, this liquid being then passed through the axial tube to 


Tig. 248. 

the second drum, which discharges it into the other dish, C. The liquid then passes to a 
similar pair of drums and thence to a third pair, on leaving which the vinegar is ready; 
by this means 1000 litres are produced in twenty hours. By means of the pump, B, a 
current of air is drawn through each drum to the centre, whence it passes through the 
tube, V, to a cooling coil, /S', to condense the small amount of 
acetic acid vapour it carries over. 

Another continuous and very rapid method, which avoids loss 
of acetic acid or aldehyde and diminishes the labour necessary 
by establishing more intimate contact between the alcoholic 
liquid and the subdividing material, is that in which the 
acetifier (Figs. 249 and 250) is used. This consists of a wooden 
box, P, about 1 metre wide and 2 metres high, terminating at 
the top in a channel, B. The box 
is filled with nine or ten layers of 
thin beech sticks, placed vertically 
and very close one to the other. 

The position of the sticks in one 
layer is crossed with respect to that 
of the sticks in the next layer. 

These sticks are held apart by 
small strips of wood so as to allow 
of the passage of a thin film of 
liquid downwards and of the air 
upwards. The total surface of the 
sticks in an apparatus of the 
dimensions stated above amounts 
to more than 1000 sq. metres, so 
that the oxidation is extraordinarily 
rapid, while the working, which 
may continue uninterruptedly for 
years, is extremely regular and 
simple. The air enters at a lateral 
sHt, Z, at the bottom, this being 250. • 

covered with gauze to prevent 
access of harmful insects, and the draught is regulated by a slider in the exit-channel, 
B; the vinegar is discharged at P. The thermometer, T, shows the temperature of 
the air as it leaves. The figure shows also the contrivance for feeding the apparatus 
regularly and continuously with the alcoholic liquid. The latter is contained in the 
tank, B, in which is a wooden float, P, moving along three vertical rods, X, and 
earring the glass siphon, W, terminating in a rubber tube with a regulating clip, n. 
The liquid from the siphon falls into a tube, G, and thence through the tube, A C, to 
the vessel, E (3 litres capacity), and, when this is full, it discharges through the 
siphon, f, on to the perforated plate, F, which distributes the liquid as a fine spray over 
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the bundles of sticks, and is traversed by several glass tubes to allow of the escape of the 
ascending air. In this way the flow of liquid from B is independent of the amount of 
liquid present in it at any instant (that is, of the pressure it exerts ). The clip, n, is regulated 
so that the vessel, H, is refilled and discharges its 3 litres of liquid every one or two hours 
(or in any other prearranged time). 

Attempts have been made to replace the ordinary biological acetification by chemical 
oxidation of the alcohol by means of platinum black or even of ozone, but neither method 
has attained to practical importance. 

Vinegar is kept in full casks in stores like those used for wine, but it is not injured 
by a high air-temperature. An excess of air in the vessels and the continued presence 
of the mother-of- vinegar lower its strength, and, when this becomes too low, putrefaction 
may develop. Its keeping properties and aroma may be enhanced by pasteurisation 
(m pp. 186, 210) at 50° to 60°. A weak vinegar may be strengthened and kept if a litfle 
pure acetic acid is added to it. 

WINE VINEGAR (white or red) is distinguished from other vinegars by its aroma, 
due partly to ethyl acetate and to small proportions of aldehydes. It usually contains 
6 to 9 per cent, of acetic acid and less than 1 per cent, of alcohol, and has the density 1-015 
to 1-020. The extract and the ash have the same compositions as those of wines, the 
former being rich in cream of tartar. 

BEER VINEGAR contains 4-5 to 6 per cent, of extract rich in maltose, dextrin, 
albuminoids, and phosphates, and exempt from cream of tartar. 

This vinegar also contains less acetic acid and, since it does not keep so well as that 
from wine, is used to break down excessively strong vinegars. 

ARTIFICIAL VINEGARS, prepared from purely alcoholic liquids or from acetic acid 
.and a colouring material such as caramel, have very little extract and no cream of tartar, 
whilst the percentage of acetic acid sometimes reaches 12 or 13. 

In the ANALYSIS OF VINEGAR, the density of the extract and the ash are deter- 
mined as with wine (p. 186). The content of acetic acid cannot be estimated exactly 
with standard alkali solution, since other acids (tartaric, succinic, etc.) present influence the 
titration ; nor do the graduated tubes {acetoineters) give accurate results. A more exact 
determination is effected by distilling the acetic acid in a current of steam, as in the analysis 
of calcium acetate (p. 337 ). 

Adulteration of vinegar, which is somewhat frequent, is detected by the following tests : 
Real wine vinegar exhibits certain relations between the acetic acid and extract. In wine 
the ratio is 4 parts of alcohol for about 1 of extract, after deduction of the sugar present 
in sweet wines ,* assuming a loss of 15 per cent, of the alcohol during the conversion into 
vinegar, a pure wine vinegar with 5-31 per cent, of acetic acid should contain 1-08 per 
cent, of extract; one with 7-15 per cent, of acid, 1-44 per cent, of extract; one with 8-9 
per cent, of acid, 1-8 per cent, of extract, and one with 10-7 per cent, of acid, 2-16 per cent, 
of extract, the ratio of acid to extract always being about 4-9:1. Addition of malt or 
beer vinegar is recognised by its reduction of Fehling’s solution, or by concentrating 80 c.c. 
of the vinegar to about 2 c.c. and then adding alcohol : the formation of a white precipitate 
(dextrin) soluble in much water indicates such adulteration with certainty. 

If mineral acids have been added, 4 or 6 drops of a dilute alcoholic solution of methyl 
violet (1 : 10,000) wiU give a greenish colour with 25 c.c. of the vinegar; also, with zinc 
sulphide, hydrogen sulphide is evolved ; finally, after the vinegar has been heated with 
a trace of starch, it will not give a -blue colour with iodine. The presence of sulphuric 
acid in vinegar is detected by the white precipitate formed with barium chloride, hydro- 
chloric acid by that given by silver nitrate, and oxalic acid by the formation of a white 
precipitate with calcium chloride. 

Artificial colouring-matters are’ detected in the same way as in wine and beer, and 
pyroligneous acid by the furfural reaction {see this). 

The price of good wine vinegar is little less than that of wine, but artificial vinegars are 
cheaper. 

France produces annually 600,000 to 700,000 hectolitres of vinegar, but in Italy the pro- 
duction is much less, owing to the competition of artificial vinegar and to the excessive 
duty of 17s. 6(i!. per hectolitre; in 1904-1905 the thirty-eight Italian vinegar factories con- 
sumed 6160 hectolitres of alcohol, the output of artificial vinegar being 60,000 hectolitres. In 
1912 55,000 hectolitres of artificial vinegar were made. In Germany 70 per cent, of the 
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vinegar is made from alcoiiol, the consumption of the latter being 41,110 hectolitres in 
1911-1912 and 23,000 hectolitres in 1912-1913. 

DERIVATIVES OF ACETIC ACID 

SALTS OF ACETIC ACID. These are termed acetates, and are all soluble 
in water (the least soluble are silver and mercurous acetates). They are readily 
formed by neutralising acetic acid with metallic oxides or carbonates, previously 
dissolved in water. Pure anhydrous acetic acid or its alcoholic solution does not 
decompose alkaline carbonates, so that COg precipitates potassium carbonate 
from an alcoholic solution of potassium acetate, acetic acid being liberated. 

Even in aqueous solution, acetic acid undergoes only slight dissociation, but 
the acetates are considerably dissociated and diminish the dissociation and 
hence the acid characters of acetic acid {see Vol. I., p. 100). 

POTASSIUM ACETATE (Normal), CHg ■ COOK, melts at 229° and is soluble in water 
or alcohol. It is obtained by neutralising potassium hydrogen carbonate (KJSCO3) solution 
with acetic acid and evaporating to dryness. The acid acetate, CHg • COOK, CgH^Og, is 
obtained by dissolving the normal acetate in acetic acid and separates from the latter in 
crystals which melt at 148° and decompose at 200°, liberating anhydrous acetic acid. 

A Diacid Potassium Acetate, CHg • COOK, 2C2H4O2, melting at 112°, is also known. 

The commercial refined normal acetate costs about £3 per cwt. 

SODIUM ACETATE, CHg • COONa, crystallises from water with SHgO, melts at 
100°, loses water and solidifies at a higher temperature and then melts only at 319°. 

In the cold it dissolves to some extent (1 : 23) in alcohol or in its own weight of water, 
giving a feebly alkaline solution and considerable lowering of temperature. 

It is prepared by neutralising pyroligneous acid almost completely with sodium carbonate 
and concentrating the solution (after removal of the tar from the surface) to 27° Be. ; the 
crystals which separate on cooling are centrifuged, but are always reddish brown. The 
mother-liquors (which readily become mouldy) are taken to dryness and lightly roasted 
to burn the tarry products. Crude sodium acetate is preferably prepared by treating 
calcium acetate solution with sodium sulphate and then with a little soda to precipitate 
all the lime ; the filtered or decanted solution is evaporated to dryness, heated to 250°, 
redissolved in water, concentrated, and allowed to crystallise. 

According to 0. Bauer, pure sodium acetate, free from the reddish-brown colom’, may 
be prepared directly from pyroligneous acid by neutralising with sodium carbonate, and 
adding to the solution concentrated to 27° Be., 2 per cent, of caustic soda, the liquid being 
then allowed to crystallise in wide and shallow wooden vessels. The crystals are separated 
. by centrifugation and redissolved, the small amount of free caustic soda being then neutral- 
ised with commercially pure acetic acid; the solutionis boiled to expel the excess of acetic 
acid, concentrated to 27° Be., and left to crystallise. 

Acid sodium acetates are also known. 

Sodium acetate serves for the preparation of pure acetic acid, and is used in dyeing, etc. 

Before the war, crude red sodium acetate was sold, according to its degree of purity, 
at 145. to I85. per cwt. ; the white purified crystals (pharmaceutical) at 245. to 285. ; and 
the doubly refined and fused anhydrous product at 52s. 

AMMONIUM ACETATE, CHg * COONH4, is obtained by neutralising hot glacial 
acetic acid with a current of dry ammonia or with ammonium carbonate. The pure 
crystals which separate melt at 113° to 114° and, although not highly hygroscopic, dis- 
solve readily in water, giving an alkaline solution; the solution in acetic acid deposits 
the acid acetate melting at 66°. The salt acts as a sudorific and dissolves lead oxalate 
and sulphate. It is used to some extent in dyeing. 

The commercial brown solution at 10° Be. costs £1 per cwt. and the pure solution of 
the same density 255. ; chemically pure crystals cost £5 per cwt. 

CALCIUM ACETATE, (CHg * COOlgCa + 2H2O. The preparation of the commercial 
product has already been described on p. 336. The pure salt is obtained by repeated 
crystallisation from water, and costs up to 485. per cwt. Its solubility in water diminishes 
with rise of temperature up to a certain point and subsequently increases. For Statistics, 
see p. 339. 
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FERROUS ACETATE (Pyrolignite of Iron), (CHg • COO) 2 Fe. Tiie crude product, 
used as a mordant in the dyeing and printing of textiles, is obtained from pyroligneous 
acid and iron filings, or from calcium pyrolignite and a concentrated solution of ferrous 
acetate ; the tarry substances present preserve it from oxidation. A solution of 20° B4. 
costs 6 s. per cwt. and one of 30° Be, 8 s. 6 d. The pure product is prepared by dissolving 
freshly prepared ferrous hydroxide in 30 per cent, acetic acid. 

FERRIC ACETATE, (CgHgOglgFe, used as a mordant in dyeing, is obtained from 
the ferrous salt and sodium acetate. It give's a reddish-brown solution in the cold, but 
in the hot and in presence of a large amount of water, a reddish- bro-wn mass of basic ferric 
acetate, Fe ( 0311302 ) 2011 , separates j it is this which fixes the colouring-matters. 

ALUMINIUM ACETATE (Normal), AKCgHgOglgjis obtained from aluminium sulphate 
and the corresponding quantity of lead acetate. It is known only in solution, in which 
it gradually undergoes spontaneous decomposition into acetic acid and the basic acetate ? 
A1(C2H302)3 + H2O - A1(C2H302)20H + 

When the solution of the basic acetate is boiled, aluminium hydroxide and acetic acid 
separate : A 1 (C 2 H 302 ) 20 H + 2 H 2 O = Al(OH )3 + SCaH^Oa. 

It is used in dyeing, in the printing of textiles and in the preparation of waterproof 
fabrics. For the last purpose, the material is first soaked in aluminium acetate solution 
and then heated or steamed, Al(OH )3 thus being deposited in the pores of the fabric, which 
is rendered impervious to water. 

BASIC ALUMINIUM ACETATE, AllCgHgOalaOH + ll-HgO, is obtained crystalline 
by evaporating a solution of the normal acetate cautiously at a temperature not exceeding 
38°; it is soluble in water. Dilute solutions (4 to 5 per cent.) of the normal acetate 
gradually deposit, on the walls of the containing vessel, a porcelain-like crust of a basic 
acetate with 2 H 2 O or 2 JH 2 O : this is insoluble in water. 

It is used, like the normal salt, in dyeing, textile-printing, etc. 

SILVER ACETATE, CgHgOg • Ag, is obtained crystalline by adding silver nitrate 
to a concentrated solution of an acetate (e. g., that of ammonium). It is a characteristic 
salt, crystallising from water in shining needles (solubility 1 : 100 at 20 °, 2-5 : 100 at 80°). 
When calcined in a porcelain crucible, it leaves, like all organic silver salts, pure metallic 
silver. 

NORMAL LEAD ACETATE (Sugar of Lead), (CH 3 COO) 2 Fb -f SHgO, forms 
monocMmc plates or crystals, has a disagreeable, sweetish taste, is poisonous, 
and exhibits a faintly acid reaction. It is slightly soluble in alcohol and more 
so in water (1 part dissolves in 1*5 parts of water at 15°, in I part at 40°, or 
in 0*5 part at 100°). It loses the water of crystallisation over sulphuric acid 
or at 100° and then melts above 200°. 

It is used as a mordant in the dyeing and printing of textiles and also in 
the preparation of various lead salts and paints and certain pharmaceutical 
products ; further, for conferring hot-drying properties on linseed oil to he 
used for varnishes. 

Italy produced 45 tons in 1904, 80 in 1906, 140 in 1908, 200 (£5280) in 1911, 39 in 1914, 
and 200 (£12200) in 1916. Germany exported 1765 tons in 1905, 2078 (£52,000) in 1906, 
1677 in 1909, 1288 in 1910, 2080 in 1911, 1664 in 1912, and 1626 in 1913. 

The refined crystalline product was sold before the war at 24^. to 28s. per cwt., and 
the chemically pure at 36sl 

It is best prepared commercially by the Bauschlicher-Bauer method (1892-1906) 
from commercial pure 60 per cent, acetic acid (see Tests on pp. 338 and 340) and pure 
litharge containing 99 per cent, of PbO.^ A pitch-pine vat is fitted with a tight cover 
with three apertures : the central one for the shaft of a wooden stirrer, another for a 
copper cooling coil to condense the acetic acid vapours, and the third for the neck of a 
large wooden hopper, by means of which the litharge is dropped on to a wooden distribut- 
ing roller provided with teeth and placed under the lid. The required quantity of acetic 
acid is heated to 60° by a copper steam coil in the bottom of the vat, and the litharge 

^ It should contain neither iron, which would colour the crystals, nor aluminium, which 
would render filtration difficult. 
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gradually added in the proportion of 103 kilos per 100 kilos of 60 per cent, acetic acid ; 
each 100 kilos added requires about an hour to dissolve if the stirrer is kept in motion and 
the temperature does not exceed 65°. The solution has a density of 70° to 72° Be, and, 
if it does not show an acid reaction, it is slightly acidified with acetic acid,^ and the mother- 
liquor (35° to 37° Be.) from a preceding operation added in such amount that the density 
becomes 50° to 52° Be. The solution at 65° is then allowed to clarify in a couple of tightly 
closed wooden vats, each fitted with a horizontal rail carrying strips of lead dipping into 
the liquid so as to remove the small amount of copper present. After five to six hours the 
solution is passed through a cloth filter-press with wooden channels, and is then left to 
crystallise in wooden vessels for eight to ten days — ^until the density of the mother-liquor falls 
to 35° Be. in winter or 37° in summer. If the solution is kept at 60°, as crystals separate 
the vessel may be fed with fresh, more concentrated solution until a thick layer of crystals 
il obtained ; it is then allowed to cool for some days. After the liquid has been decanted, 
the mass of small crystals (more concentrated and hotter solutions give larger crystals) 
is treated in a copper centrifuge and dried in wooden boxes placed in a vacuum apparatus 
at a temperature not exceeding 30°.^ 

MONOBASIC LEAD ACETATE (Subacetate of Lead), (CaHgOglgPb -f PbO -f HgO, 
and Dibasic Lead Acetate, {C2H302)2pb 2PbO, are obtained by melting the normal 
acetate with a greater or less proportion of litharge (3 : 1 for the monobasic salt) on the 
water-bath; the former is readily soluble and the latter only slightly so (1 : 18 at 20° 
and 1 : 5*5 at 100°) in water. The lead acetate of the pharmacopceia is a 2 per cent, solution 
of the monobasic salt, and is used as a medicine ; this salt is used also for weighting silk, 
for decolorising vegetable juices, and for preparing white lead and aluminium acetate. 
The anhydrous salt formerly cost 52s. per cwt. 

NORMAL CHROMIC ACETATE, Cr{C2H302)3 -}- HgO, is obtained from calcium or 
lead acetate and chrome alum or chromic sulphate. It gives a violet solution, which 
becomes green, without decomposing, when heated. 

Basic Chromium Sulphate is obtained in a similar way from basic chromium sulphate 
or by adding ammonia or sodium hydroxide or carbonate to a solution of the normal 
acetate. The basicity increases with the amount of alkali, the compound, Cr2(C2H302)50H, 
being gradually converted into 0r2(C2H3O2)2(OH)4 or even more basic salts still. The 
more basic the acetate the more will it decompose on boiling and the more readily it will 
serve as a mordant in dyeing or, better, in printing, since the reducing action of the textile 
fibres or of the colouring-matters or of other organic substances added, results in the 
separation of the true mordant, Cr(OH)3, which forms stable lakes with the dyes (alizarin, 
hsematein from log-wood, etc.). 

Commercial chromium acetate solutions at 20° B6. were sold before the war at 16s. 
per cwt., those of 40° Be. at 285., and the solid at 6O5. ; the chemically pure acetate cost 
85. per kilo. 

STANNOUS ACETATE, Sn(C2H302)2, is obtained by treating stannous chloride 
with lead acetate or by dissolving freshly precipitated stannous hydroxide in dilute acetic 
acid. Its solution is used as a mordant or corrosive in printing cotton with substantive 
dyes (see this. Part III). 

The 20° to 22° B6. solution formerly cost 24s. per cwt. 

NORMAL CUPRIC ACETATE (Crystallised Verdigris), CulCgHgOglg -f HgO, is 
obtained by dissolving the basic acetate (true verdigris) in acetic acid or, better, by decom- 
posing copper sulphate solution with lead acetate. It forms clinorhombic, dark green 
prisms and is readily soluble in hot water (1 : 5) or in alcohol. It is used in medicine and 
has been suggested as a means of combating the Peronospora which attacks the vine. 
Before the war it cost 2s. %d. per kilo. 

^ The subsequent crystallisation is rendered difficult if the solution contains basic acetate, 
the presence of this being inferred from the turbidity produced on mixing a little of the liquid 
with an equal volume of 1 per cent, corrosive sublimate solution. 

2 Analysis of lead acetate is effected by dissolving 5 grams of it in water, precipitating the 
lead with a known quantity, in slight excess, of normal sulphuric acid, making up to 250 c.c., 
and then adding a volume of water about equal to that of the precipitate, hi 50 c.c. of the 
filtrate, the sulphuric acid is precipitated with barium chloride, the weight of the resulting 
barium sulphate giving the quantity of sulphuric acid which has remained in combination with 
the lead. Another 50 c.c. of the filtrate is titrated with normal caustic potash, the total acidity 
thus found being due to acetic acid and excess of sulphuric acid ; deduction of the latter then ’ 
gives the amount of acetic acid existing in combination in the lead acetate* 
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BASIC COPPER ACETATE (Verdigris), [2Cu(C2H302)0H] + SHgO, is obtained 
by arranging sheets of copper with flannel saturated with hot vinegar, acetic acid, or acid 
vinasse, in between. The crust of acetate is detached from the plates and sold in cakes 
either dry or with 30 to 40 per cent, of moisture. It forms blue needles or scales, which 
effloresce in the air and become green, owing to loss of water. 

It dissolves only slightly in water and, when heated in the dry state, gives off acetic 
acid and water. When pure, it is completely soluble in excess of ammonium carbonate 
solution. 

It was formerly used as a colouring-matter, but is now used for the preparation of 
SchweinfurtTCs green {copper aceto-arsenite), Cu(C2H302)2, 3CUAS2O4, by mixing with the 
requisite proportion of arsenious anhydride solution; this gives a beautiful green colouring- 
matter, which is still used to some extent, although it is very poisonous owing to the 
evolution of hydrogen arsenide in the air. ^ 

In cakes or balls, the basic acetate formerly cost £3 per cwt., whilst the refined powder 
cost £4 to £5. 

PROPIONIC ACID, CgHgOg or CHg-CHg-COOH 

This acid is obtained by hydrolysing ethyl cyanide {see p. 238), or by oxidising propyl 
alcohol with chromic acid, or by the action of certain micro-organisms on calcium lactate. 
It is, however, usually prepared by fermenting wheat-bran, or is extracted from crude 
pyroligneous acid, being formed in small quantity (2 to 4 per cent. ) in the dry distillation 
of wood. For some years it has been manufactured by the Effront process {see p. 183) 
from the residues of beetroot molasses : 1000 kilos of molasses yield 75 kilos of ammonium 
sulphate and 95 to 120 of fatty acids consisting largely of propionic acid {see also section on 
Sugar). 

It occurs in perspiration, in the feuit of QingJco hiloha^ and in colophony tar. 

It is a liquid of sp. gr. 0-996 at 19° and resembles acetic acid in odour and in physical 
and chemical properties. It is, indeed, not possible to separate these two acids by dis- 
tillation and rectification, but this may be done by means of the lead salts, basic lead pro- 
pionate, 3Pb(C3Hg02)2, 4PbO, being very slightly soluble in hot water, although soluble in 
cold. It boils at 141° and solidifies at -22®. It forms crystalline salts soluble in water, 
and its esters have a fruity aroma. Chemically pure propionic acid formerly cost 32s. per 
kilo, and the commercial acid 14s. 6d., but nowadays the Efiront process yields a much 
cheaper commercial acid, which in practice may be used to replace formic and acetic acids, 
these being more difficult to purify. 

BUTYRIC ACIDS, C^HgOg 

Two isomerides are known of different structures, their constitutional 
formulse being deduced from their methods of synthesis. 

(1) NORMAL BUTYRIC ACID (Butanoic or Propylcarboxylic Acid or Buty- 
ric Acid of Fermentation), CHg • CHg * CHg * COOH, is the more important of the 
two isomerides and exists in butter in the form of glyceric ester to the extent 
of 4 to 5 per cent. It is formed also in sweat and occurs in soHd excreta and 
in decomposing cheese, as well as among the products of fermentation of 
glycerine. 

It is obtained practically, not by synthesis (see p. 320), but by the butyric 
fermentation of starch-paste in presence of a little tartaric acid, putrefied meat 
or cheese being added after a few days (pure cultures of special bacteria are also 
used at the present time) ; it is obtained also from acid skim milk by treatment 
with powdered marble and converting the calcium lactate into calcium butyrate, 
then into the sodium salt, and fimally, by means of H 2 SO 4 , into the free acid. 
It is also obtained from molasses residues by Effront’s process (see above). 

It forms an oily liquid, sp. gr. 0*958 at 14°, boiling at 162° and solidifying 
im scales at 19°. It dissolves in water, alcohol, or ether, burns with a bluish 
flame, and gives crystalline, slightly soluble salts. 

Calcium Butyrate, + HgO, is less soluble in hot than in cold 

water. 
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The eaters have pleasant, fruity odours, and are used to produce artiliciai 
rum. Commercial concentrated butyric acid cost before the war 4s. per kilo ; 
the 50 per cent, acid, 2s. 6d. ; and the chemically pure (100 per cent.), 5s. lOd. 
The concentrated esters were sold at 2^. 6d. to 5s. per kilo. 

(2) ISOBUTYRIC ACID { 2 -Methylpropanoic or Dimethylacetic Acid), c^>CH • 

COOH, resembles the preceding acid, but is less soluble in water. It boils at 154° 
and solidifies at — 79°, and occurs free in arnica and carob roots and as ester in chamo- 
mile oil. It may be obtained by the ordinary synthetic processes and is less resistant than 
the normal acid to oxidising agents. The pure acid formerly cost 40s. per kilo and the 
commercial acid about one-half as much. 

^ The Calcium Salt, Ca(C 4 H 702 ) 2 , is more soluble in hot water than in cold. 

VALERIC ACIDS, 

The four isomerides predicted by theory are known. 

(1) NORMAL VALERIC ACID (Pentanbic or Propylacetic Acid), CHg . [CE^l . 
COOH, is a dense liquid (sp. gr. 0-956 at 0°), boding at 185° and solidifying at — 58*5°. It 
is obtained synthetically from propylmalonic acid or butyl cyanide, and is met with in 
pyroligneous acid; it is slightly soluble in water. The pure product cost before the war 
5d. per gram. 

rw 

(2) ISOVALERIC ACID, • CHg • COOH, is found free or in the form of 

esters in animals (fat of the dolphin, sweat of the feet, etc.) and vegetables (roots of 
Valeriam officinalis), and from the latter may be extracted by boiling with solutions of 
soda or by distilling with water containing phosphoric acid. It is a liquid (sp. gr. 0-947 
at 0°), boiling at 174° and solidifying at -51°; it has a disagreeable odour of stale cheese. 
It is often obtained by oxidising fusel oil with dichromate and sulphuric acid. The pure 
acid costs 96s. per kilo. 

Its esters are used as artificial fruit essences, and cost from 10s. to 16s. per kilo. 

(3) ETHYLMETHYLACETIC ACID {Methyl-2-butanoic or Active Valeric Acid), 
CH 

^ 3 ^CH • COOH, is optically active, as it contains an asymmetric carbon atom (see 

L 2 HS 

p. 19 ) ; it occurs naturally with isovaleric acid. The inactive mixture of the two oppositely 
active acids may be resolved into its active components by means of the brucine salts. 
It boils at 174°. 

(4) TRIMETHYLACETIC ACID (Dimethyl - 2 -propanoic or Pivalic Acid), 
(CH 3)3 : C • COOH, is a solid, m.-pt. 35°, b.-pt. 163°. It has an odour resembling that of 
acetic acid, and it may be obtained from tertiary butyl cyanide. 

HIGHER ACIDS 

Of the numerous isomerides theoretically possible and of the many actually 
known, mention will be made only of some of the more important wMch occur 
naturally and are usually of the normal structure and with even numbers of 
carbon atoms. 

NORMAL CAPROIC ACID, C^E^O^ or CHg • [CHg]^ • COOH, is a liquid boiling at 
205° and solidifying at -1-5°. It is volatile in steam, has an unpleasant odour like rancid 
butter, and is found free in Limburger cheese and coco-nut oil, and as glyceride in goats’ 
butter. It is formed on oxidising proteins or higher fatty acids (unsaturated). 

HEPTOIC ACID (CEnantic Acid), CjE^fi^ or CHg • [CE^\ • COOH, is formed on 
oxidation of castor oil or (Bmnthaldehyde. It is a liquid boiling at 220° and solidifying 
at— 20°. It differs from its lower homologues by exhibiting a slight odour of fat. 

CAPRYLIC ACID (Octoic Acid), CgHjgOg or CHg • [Cl^Js • COOH, solidifies at 16-5° 
and boils at 237-5° ; it is found in coco-nut oil and as glyceride in ordinary butter and that 
of goats. 

NONOIC ACID (Pelargonic Acid), CgHigO^or CHg - [CHg], • COOH, is a liquid boiling 
at 254°. It is formed by oxidising oleic acid or by decomposing the ozonide of oleic acid 
(Molinari and Soncini, 1905) with dilute alkali. In nature it occurs in Pelargonium roseum. 
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DECOIC ACID (Capric Acid), CioHjoOj or CHj [CHjJj • COOH, is a solid, melting 
at 31'4° and boiling at 200° under 100 mm. pressure. It also is found in oooo-nut oil and 
goats’ butter, 

UNDECOIC ACID, or CH 3 • [CHglg • COOH. Distillation of castor oil under 

reduced pressure yields the unsaturated undecenoic acid^ Cj^jHgQOg, which gives undecoic 
acid on reduction with hydrogen. It melts at 28° and boils at 212° (100 mm.). 

LAURIC ACID, C 12 H 24 O 2 or CHg • lCU^\o • COOH, is a solid, melting at 44° and 
boiling at 225° (100 mm.) ; it occurs in the form of glyceride in laurel berries. 

MYRISTIC ACID, C 14 H 28 O 2 or CHg - [CHglig • COOH, melts at 54° and boils at 248° 
(100 mm.). It is found as glyceride {myristin) in the nutmeg {Myristica mosclmta) and 
in ox-gall, and abounds in the seeds of Virola V eneziielensis. 

PALMITIC ACID (Hexadecoic Acid), CigHg^Og or CHg * [CHgJ^^ • COOPER 
forms a moderately transparent white mass, which readily softens and melts 
at 62 ■6°. It is insoluble in water and crystallises from alcohol in scales or 
needles, It boils unchanged at 268° under 100 mm. pressure, or, with partial 
decomposition, at 339° to 356° under the ordinary pressure. 

It is one of the normal components of animal and vegetable fats, in which 
it occurs as a glyceride (palmitin), and is easily obtained, together with oleic 
acid, from palm oil by hydrolysing and then decomposing the soap formed; 
the palmitic acid is then isolated by fractional crystallisation. Japanese 
vegetable wax or Garmuba wax consists almost exclusively of palmitin. The 
industrial treatment of fats and oils for the extraction of the corresponding 
fatty acids (palmitic, stearic, and oleic) will be described in the section dealing 
with the manufacture of soap and candles. 

Commercial palmitic acid is also known by the inaccurate name of palmitin 
and is hkewise manufactured by melting oleic acid with potassium hydroxide 
(Varrentrapp's reaction ) : CigHg^Og + 2KOH = Hg + CHg ' COgK + CigHgiOgK 
(potassium palmitate, which gives palmitic acid under the action of mineral 
acid). 

Its alkah salts {soaps) are soluble in alcohol or water, but considerable 
dilution of the aqueous solutions results in the separation of an acid salt and 
hberation of alkali. Whilst in alcoholic solution these soaps show virtually 
normal molecular weights, the aqueous solutions show no rise in the boiling- 
point, the soaps thus behaving as colloids in these solutions (see Vol. I., p. 105). 
The other salts (palmitates) are insoluble in water and, in some cases, soluble 
in alcohol ; mineral acids hberate palmitic acid from them. 

Before the war, the commercial acid cost £2 per cwt., the refined product 
£4, and the doubly refined 255. 6d. per kilo. 

MARGARIC ACID, C^^Hg^Oa or CHg • [CHglig * COOH, was for a long time 
thought to exist in fats, but it has been shown that a mixture of palmitic 
(C^g) and stearic (C^g) acids was being dealt with. Synthetically it is obtained 
by hydrolysing cetyl cyanide, C^gHgg * ON, and by other methods. It melts 
at 60° and distils unchanged at 277° under 100 mm. pressure. 

STEARIC ACID, CjgHggOg or CHg . [CHg^g . COOH, which is improperly 
known commercially as stearine (and is then mixed with palmitic acid), and 
its separation from oleic acid, will be described when dealing with candles. 

As glyceride, it occurs with that of oleic acid as one of the principal con- 
stituents of fats and oils, and is usually prepared industrially from beef 
suet. 

Sjmthetically it may be obtained by the reducing action of hydrogen on 
oleic acid {see this), and the constitution of the latter being known, that of 
stearic acid follows directly. Industrial application is now made of this 
process {see Oleic acid). 

It forms a somewhat soft white mass, melting at 69*3°, and crystallises 
from alcohol in shining scales. It boils unchanged at 287° under 100 mm. 



UNSATURATED ACIDS 


851 

pressure or with partial decomposition at 359® to 383° under the ordinary 
pressure. 

It is insoluble in water, soluble slightly in Kght petroleum, and more readily 
in alcohol, ether, benzene, or carbon disulphide. 

Its salts behave like those of palmitic acid. The lead salts of these high 
fatty acids are obtained by boiling the fats or oils with lead oxide and water. 
This^ lead soap is used for the preparation of lead plaster, which is used in 
medicine and in the manufacture of varnish. Stearic acid made into a paste 
with gypsum forms a kind of artificial ivory. 

Italy imported, especially from France, England, and Belgium, the following 
amounts of stearic acid : 

9 

1908 1910 1912 1913 1914 1915 1916 1917 1918 

Tons . 1,250 1,445 621 920 698 423 119 58 152 

Value, £ — 63,560 — 32,020 — — — ~ 19,773 

CEROTIC or CEROTINIC ACID, is found free in beeswax (together with 

Melissic Acid, CsoHgoOg), as ester in Chinese wax and as glyceride in the fat of raw 
wool. It melts at 78‘5° and is converted by oxidising agents into various acids with 
lower molecular weights. 


II. UNSATURATED MONOBASIC FATTY ACIDS 
A. OLEIC or ACRYLIC SERIES, C„H 2 ft_ 2^2 {Olefine-carboxylic Acids) 


Constitutional formula 


Melting- Boiling- 
point point 


Acrylic acid .... 

{ Vinylacetic acid . 

Solid crotonic acid 
Liquid crotonic acid , 
Metaciylic acid . 

(8 structural isomerides and one J 
stereoisomeride) j 


JAngelicacid . 


(Not all stereoisomerides known) Pyroterebic acid . 


Y-AJlylDutync acia 
Teracrylic acid . 
CitroneUic acid . 

Undecenoic acid . 

Hypogseic acid . 
( Oleic acid . 


CmrCH'COoH 

cHomH-om-cOoH 

CH 3 - 0 H;CE“-CO 2 H(c?' 5 ) 

0H3-0H;0H-00oH(«mns) 

0m;0(0H3)‘C02E 

OEQ-O-cbnH 

II 

OHa— G—H 
CH3C-CO2H 

H— 0-CH<. 

( 023 ) 3 : 0 : OH -OHa-COaH 

OH2:OH-[OHJ4-002H 

(023)2 :0;C(0H3)*0Ho*C02H 

023: 5 ( 023 )- [ceys • c2(o4) • cb^ • cOgH 


/ Iso-oleic acid 
( Aoj8-oleic acid 
1 Erucic acid 


OH3:OH-[OH338-002H 

OH3 • [OBg], • OH : OH • [OK]. • 00,2 
OB^ • [0H;]7 •02:02- [OBQJ • COgH (m) 

OH3 • [OB^, -02:02* tOHg]^ • COgH (trans) 

02, • [02,], -02:02- [OH,], • 00,2 ( ?) 

OH, • [CH;], . ■ 02:02- CO,E 

OH3 • [GHgjJ -02:02- [OH^lji • 00,2 

OH3 • [OHg], -02:02- [OHglu- OOgH 

CHg- [OEglg- 02 ; 02- [OEgliQ- COgH (?) 


The importance of these acids is due to the fact that certain of them occur 
as glycerides in many fats and oils. 

GENERAL PROCESSES OF FORMATION. The fonowing are the most 
important of these : 

(1) The unsaturated halogen derivatives of unsatuiated alcohols may be 
transformed into cyanogen derivatives, which give the corresponding acids 
on hydrolysis (see p. 238) : 

CHgiCH'CHg-OH*^ CH^rCH-CHa-Br-^ 

CHg : CH • CH2 • CN ->■ CHg : CH • GHg • COOH. 
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(2) Oxidation of uiisaturated alcohols and aldehydes with mild oxidising 
agents (silver oxide or the oxygen of the air) which do not attack the double 
linking; allyl alcohol and acrolein give acrylic acid. 

(3) Of general use is Perkin's reaction, applicable especially to the aromatic 
series, but of service also for the fatty series : when an aldehyde is heated 
with the sodium salt of a saturated fatty acid in presence of an anhydride 
(e. g., acetic anhydride) and then treated with water, the resulting products 
are the saturated acid corresponding with the aldehyde used and an unsaturated 
acid, which always has the double linldng between the a- and /5-carbon atoms, 
the iz-carbon atom being that adjacent to the carbonyl group, CO. If the 
chain united to the aldehyde group is denoted by R, the intermediate phases 
of this reaction are probably as follow : 

R • CHO -f CHg * CO • 0 • CO * CHg give, by aldol condensation, 
R * CH(OH) • CHg • CO • 0 • CO * CHg; tins unstable compound immediately 
separates water, giving R * CH : CH * CO * 0 * CO * CHg, treatment of this 
product with water yielding the unsaturated acid : 

(6 ) R • CH : CH • CO • 0 * CO • CHg+HgO = CHg • COOH + R • CH : CH * COOH. 

It is evident that, if only one hydrogen atom is united to the carbon atom 
adjacent to the carbonyl group of the original anhydride, the first phase of 
the reaction, but not the second, will be possible, so that only a saturated 
hydroxy-acid will be obtained : 


R • CHO -f CH • CO • 0 • 0 ■ CH -h HgO = 

/\ /\ 

CHgCHg CHgCHg 

R • CH(OH) • C • COOH -f (CHglg : CH * COOH. 

/\ 


CHgCHg 

The presence of the sodium salt of the fatty acid is indispensable to all 
these reactions, but its function has not yet been explained. 

(4) Similar to Perkin's synthesis is the reaction between an aldehyde (or 
an a-ketonic acid, R * CO * COOH, which possibly loses COg and thus gives 
an aldehyde), and malonic acid in presence of glacial acetic acid, a mixture 
df unsaturated monobasic acids with the double linking in the a /5- or y- 
position being obtained and COg split ofi : 


(a) R*CHg-CHO + CHg<^^J® 


= R • CHg • CH(OH) * CH< 


COOH 

COOH 


Malonic acid 

(6) 2E • CHa • CH(OH) • = 

2 CO 2 + 2 H 2 O + R • CHa • CH : CH • COOH + B • CH : CH • CH^ • COOH. 

a j3-acid jS y-acid 

It should be noted that this reaction always gives also a condensation 
product of 1 mol. of the aldehyde and 2 mols. of malonic acid, this product 
then losing COg and yielding a saturated dibasic acid : 


R*CH< 


CH(C00H)2 

CH(C00H)2 


= 2 CO 2 + R • CH< 


CHg • COOH 
CH 2 • COOH 


(5) When monohalogenated saturated fatty acids (especially those with 
the halogen in the j5-position) are heated with alcoholic potash, or sometimes 
even with water alone, a molecule of halogen hydracid is eliminated and the 
unsaturated acid formed (similar to the reaction giving unsaturated hydro- 
carbons, p. 108) ; 


CHgl • CH 2 * COOH = HI + CHg : CH • COOH. 

j8-Iodopropionic acid Acrylic acid 
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( 6 ) By separating a molecule of water from monohydroxy-acids by means 
of distillation or a dehydrating agent (HgSO^, PCI5, P2^5) sometimes by 
merely heating with caustic soda solution, the unsaturated monobasic fatty 
acids are formed : 

CH3 • CH(OH) • CH2 • COOH = H2O + CH3 • CH : CH • COOH. 

jS-Hydrosybutyric acid Crotonic acid 

GENERAL PROPERTIES. The number of double bonds is ascertained 
by the same methods as are applied to unsaturated hydrocarbons {see 
p. 107) — by addition of either halogen or ozone. These unsaturated acids 
are more energetic than the corresponding saturated acids with the same 
numbers of carbon atoms, as may be seen from their ionisation constants 
( Yol. I., pp. 102 et seq. ). They are more easily oxidisable than the corresponding 
saturated acids, powerful oxidising agents rupturing the carbon atom chain at . 
the double linking, the position of which may jjence be established by a study 
of the compositions of the two acids formed. 

When boiled with 10 per cent, caustic soda solution, unsaturated acids 
with a double linking (A) in the /^/-position undergo displacement of this 
linking with the 'partial formation of unsaturated acids with a double bond 
in the a/5-position (Fittig, 1891-1894); this is formed from an intermediate 
hydroxy-acid, an equilibrium being estabhshed as indicated below : 

R • CH : CH • CH2 * COOH + HgO R * CH^ • CH{OH) • CH^ • COOH^^ 

/3 •y-acid' /S-Eydroxy-acid 

H2O + R • CH2 • CH : CH • COOH. 

a |3-acid 

In general this reaction preponderates towards the formation of the a^-acid 
and not vice versa, the carboxyl group apparently exerting an attraction on 
the double linking. 

When an -unsaturated acid is fused with caustic soda or potash, the double 
linking is displaced, giving an a/3-acid, the new molecule immediately splitting 
at the double bond, the resultant products being acetic acid and another 
saturated acid. This displacement of the double linking was unknown until 
a few years ago, so that oleic acid, for example, which gives palmitic and 
acetic acids quantitatively when fused with potash, was regarded as an- 

-unsaturated acid. It has, however, been shown [see later) that the double 
bond of oleic acid is in the middle of the molecule, the action of the potash 
causing displacement of this bond before the molecule is resolved : 

CHg • [CHa], • CH : CH • [CHgl^ • COOH ■ CHg • • CH : CH * COOH 

Oleic acid a ^-01eic acid 

CHg • [CHali^ • CH : CH • COOH -|- 2KOH -f 0 = 

'CHg • [CHali^ • COOK -j- HgO + CHg • COOK. 

Potassium palmitato 

The acids of the oleic or acrylic series, and unsaturated compounds in 
general, exhibit a tendency to polymerise ; the mere action of sodium alkoxide 
on the crotonic esters produces, in addition to other reactions, the following 
change : 


CH3 

1 

COg • CHg 

1 


CHg 

1 

COg • CK 

1 

CH 

11 

1 

CH 

i) 


1 

CH 

il 

CHg 

1 

CH 

CH 

1 


C 

— CH 

1 

CO3 • CHg 

1 

CH3 


j 

COg ' CHg 

1 

CHg 


Methyl crotouate Methyl dicrotouate 


VOL. II. 
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Instances of stereoisomerism among unsatnrated compounds have already- 
been described on pp. 21 and 22, and it is only necessary to state here that, of 
the two stereoisomerides corresponding with one and the same formula, one 
is less stable than the other, into which it is easily and directly transformed 
(the inverse change only takes place indirectly) by mere heating or by the 
action of concentrated sulphuric acid, caustic soda, a little nitrous acid, or 
a trace of bromine in the presence of hght. 


ACRYLIC ACID (Propenoic Acid) 

C 3 H 4 O 2 or CHg : CH • COOH 

This acid was prepared for the fii'st time (Redtenbacher, 1843) by oxidising acro-lein, 
CHg : CH • CHO, with silver oxide. It is now more readily obtained indirectly, by the 
action of gaseous hydrogen chloride, which gives ^-chloropropaldehyde, CHgCl • CHg • CHO, 
this being converted by nitric acid into the corresponding ^-chloropropionic acid, 
CHgCl • CHg • COOH; when the last compound is boiled with a solution of alkali, it loses 
HCl, yielding acrylic acid. 

Another convenient synthesis is the following : allyl alcohol (a, see beloio) with bromine 
gives dibromopropyl alcohol (b), which, on oxidation, yields a/3-dibromopropionic acid (c), 
and this, by the action of either zinc in presence of dilute sulphuric acid (or water) or 
reduced copper (containing iron) loses bromine and gives acrylic acid (d) : 


CHg 

CHgBr 

CHgBr 

CHg 

11 

1 

i 

li 

CH -> 

CHBr 

GHBr 

CH 

1 

I 

CHg * OH 

j 

CHg * OH 

COOH 

1 

COOH 

a 

b 

.. 0 

d 


Acrylic acid is a liquid soluble in water and having a pungent odour almost like that 
of acetic acid : it has the sp. gr. 1*0621 at 16°, boils and polymerises at about 140°, and 
when cooled forms tabular crystals melting at 13°. With nascent hydrogen, it is trans- 
formed into propionic acid, whilst, when fused with potash, it gives acetic and formic 
acids. 


CROTONIC ACIDS, C^HgOg 

Isomeric unsaturated acids of this formula are possible theoretically — two stereo- 
isomerides and the others structural isomerides. The following acids have actually been 
prepared ; 

(a) CHg : CH • CH 2 * COOH, vinylacetic acid ; 

H— C— COgH 

{ha) II , cis /?-methylacrylic acid {solid crotonic acid); 

H— C— CHg 

H— C—COgH 

(&/8) II , trans /3-methylacrylic acid {liquid crotonic acid); 

CHg— C— H 

CH 

(c) CHy ; ^<^cOOH’ “^®^^y^^®^kyleneacetic or a-methylacrylic acid. 


With the general formula, C^HgOg, there corresponds also ethyleneacetic or tri- 

methylenecarboxylic acid, | 

CHg' 

carboxylic acids as it contains no double linking, and it will therefore be studied with 
the cylic compounds. 


^CH • COOH, but this does not belong to the olefine- 
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{a) VINYLACETIC ACID, CHg : CH ■ CHg * CO2H, has been prepared, only recently, 
by distilling hydro xyglntaric acid in a vacuum : 

CHg-COgH CHg 

CH-OH = GO^+B^O- 

CHg • CO^H CHg • CO2H 

and also by first brominating (with bromine dissolved in CSg) allyl cyanide, hydrolysing 
the product, and finally removing the bromine by means of zinc dust and alcohol, thus ; 


CHo 

CHoBr 

1 ' 


CH, 

II 

CH 

1 

CHBr 

I 

CHBr 

II 

CH 

I 

CH2 

1 

CH2 

1 ^ 

CHg 

1 

CHg 

CN 

CN 

CO,H 

CO2H 


Vinylacetic acid is a very hygroscopic liquid, which solidifies when cooled to a low 
temperature; it melts at - 39° and boils at 163°. Its calcium salt, (C4Hs02)2Ca, HgO, 
crystallises from water in shining needles. 

When boiled with 5 per cent, sulphuric acid solution, it is transformed into the solid 
crotonio acid, CHg : CH • OB^ • COOH -> CHg • CH : CH • COOH. 

This transposition of the double linking is effected also by boiling with caustic soda 
solution, but in this case a preponderance of /3-hydroxybutyric acid is formed at the same 
time. 

H-C-COgH 

(6a) ORDINARY or SOLID CROTONIC ACID, || (cis l^-m&thylacTylio 

H— C— CHg 

acid or cis ethylideneacetic acid; also wrongly known as a-crotonic acid). Its constitution 
follows from its synthesis from a-bromobutyric acid (or rather its ester) by the elimination 
of HBr under the action of alcoholic potash : 

CH3 • CHg • CHBr • COgH = HBr + CHg • CH : CH • COgH. 

From water (solubility 1 in 12) the acid crystallises in shining needles melting at 71° 
to 72°; it boils at 181° to 182°, has an odour resembling that of butyric acid, and is found 
free in crude pyroligneous acid. Its calcium and barium salts contain no water of crystal- 
lisation and are very soluble in water. 

When gently oxidised in alkaline solution with permanganate, it gives afS-diJiydroxy- 
butyric acid, CHg • CH(OH) • CH(OH) • COgH, which cannot form a lactone, so that 
neither of its hydroxyl groups is in the y-position; the double linking of the crotonic acid 
must hence be between the a- and yg-carbon atoms. When halogen hydracids are added 
to it, the halogen goes to the /3-position. With nascent hydrogen it gives butyric acid. 

“I— C-COgH 

LIQUID CROTONIC ACID, (trans fS-meihylacrylic acid or iso- 

CHg— C— H 

crotonic or allocrotonic acid ; known improperly as yS-cro tonic acid). This acid is prepared 
from ethyl acetoacetate, which, with PCI5, gives probably a chloracetic ester, the latter 
losing a molecule of HCl and yielding the two stereoisomeric chloroisocrotonic acids (or 

^ This ^ y-dibromdbutyric acid, when boiled with water, gives a 0-bromobutyrolactone : 

CHaBr CHg 0 

CHBr = HBr + CHBr 

CHj ■ COOH (^Hj CO 

Lactones are not usually formed by acids brominated in the a- or y8 -position, but only with 
those where the bromine atom is in the 7-position. It may hence be concluded that the double 
linking in vinylacetic acid is also in the B 7-position, since its brominated derivative gives a 
lactone, which is formed only when there is halogen in the 7-position. 
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the corresponding ethyl esters); these two isomerides may be separated, the one iormed 
in greater proportion being readily, and the other difficultly, distilled in steam. The 
latter gives solid, and the other liquid, crotonio acid on reduction with sodium amalgam : 


(u) 

( 6 ) 


CHj CO • CHj • CO • OOjHs + :=CH5 CCI2 • CHj ■ CO • OC2H5 ■ POCI3 

Ethyl acetoacetate latermcdiate product 

CHg CCI2 • CH2 • CO • OC2H5 = CH3 • CCl : GH • CO • OCgH^ + HCL 

Two stereoisomerides 


(c) CH 3 • CCl : CH • CO • OC 2 H 5 4- Hg = CHg • CH : CH • CO • + HCL 

Ethyl ester of crotonic acid 


The iso crotonic acid thus obtained is liquid, but is not pure, as it always contains 
ordinary crotonic acid and a little tetrolic acid, CHg * C J C • COgH. Only within recent 
years (1895 and 1904) has it been separated from these admixtures, either by mean^ of 
its sodium salt, which is more soluble in alcohol, or by means of its quinine salt, which is 
less soluble in water, than that of crotonic acid. 

After such purification it is found that pure liquid crotonic acid forms crystals melting 
at 15'5° and boiling at 169° under the ordinary pressure or at 74° under a pressure of 
15 mm. The calcium salt, (C 4 H 502 ) 2 Ca, SHgO, forms large prisms, and the barium salt, 
(C 4 H 502 ) 2 Ba, HgO, large plates. 

When heated above 100°, it is converted partially into normal crotonic acid, and in 
order to avoid this change during distillation the operation is carried out in a vacuum ; 
the transformation is instantaneous and quantitative in presence of a trace of bromine 
in aqueous solution or of carbon disulphide under the influence of direct sunlight. 

That the structure of iso crotonio acid is the same as that of crotonic acid and not of 
vinylacetio acid is supported by the fact that isocrotonic acid gives no lactonic derivative 
(see above) and also by the fact that the peroxyozonides of these two acids, obtained by 
Harries and Langheld (1905) by the action of ozonised oxygen and having the structure 
.OH 

CHg • CH — CH • C^ , give with water the same decomposition products, namely, 

L.i 


hydrogen peroxide, acetaldehyde, and glyoxylic acid, CHO • COgH. 

(c) METHYLMETHYLENEACETIC ACID (a-Methylacrylic, Metacrylic or Me- 
CH 

thylpropenoic Acid), CHg : obtained by separation of water from 

a-hydroxyisobutyric acid and also by elimination of a molecule of HBr from a- 
bromoisobutyric acid ; 


CHg • CBr • COgH = HBr + CHg : 0<co H 
CHg 

This synthesis indicates the constitution of metacrylic acid, which is confirmed by the 
observation that reduction of this acid by means of sodium amalgam gives isobutyric 
acid, this having a known constitution. 

Metacrylic acid crystallises readily from water in shining prisms which melt at + 16° 
and boil at 161°, or at 60° to 63° under 12 mm. pressure. It has a strong but not 
unpleasant odour of bad mushrooms and occurs in Roman chamomile ; it dissolves very 
readily in alcohol or ether. It exhibits a marked tendency to polymerise, more especially 
at 130°, but also in the cold when in contact with concentrated hydrochloric acid. The 
calcium salt forms crystals very soluble in water. 


PENTENOIC ACIDS, C^HgOg 

Several isomeric..pentenoic acids are known, those which have been most closely studied 
being ; 

(a) ANGELIC ACID (a-Ethylidenepropionic, a^-Dimethylacrylic or 2 -Methyl- 2 - 

CHg-C-COgH 

butenoic-i Acid), || . The double linking in this acid must be in the 

CHg-C-H 

a y3-position, and not in the y-position, since lactonic derivatives are unknown. On 
protracted heating it is transformed into the stereoisomeric tiglic acid. 
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Angelic acid was first found in, and is still obtained from, the roots of Angelica 
arcangelica, and occurs as ester in Roman chamomile oil. The pure crystals melt at 45°, 
boil at 185°, and are only slightly soluble in water or volatile in steam. 

CH3— C— COgH 

(6) TIGLIC ACID, || , often occurs with angelic acid and is formed in the 

H— C— CHg 

decomposition of various more complex organic compounds. It can be prepared 
synthetically from acetaldehyde and ethyl a-bromopropionate in presence of zinc, a 
hydroxy-acid being formed as an intermediate compound. It forms transparent crystals, 
m.-pt. 65°, b.-pt. 198-5°, and is slightly soluble in cold and readily in hot water; it has 
a pleasant smell and is volatile in steam. 

, PYROTEREBIC ACID (2-Methyl-2-pentenoic-S Acid), ^ CH • CHj • COOH, 

is formed by the distillation of an oxidation product {terebic acid) of oil of turpentine 
(together with the lactone of isocaproic acid, see below). 

(CH3)2:C-CH(C02H)-CH2 

I I = COg + (CHglg : C : CH • CHg • COOH. 

0 CO Pyroterebic acid 

Terebic (yy-dimetbylparaconic) acid 

That pyroterebic acid really has this constitution is shown by the fact that, 
on reduction with hydriodic acid, it gives isocaproic acid of the known constitution 
(CH3)2 : CH • CHg • CHg • COOH. The position of the double linking is confirmed by the 
great ease with which it is converted into isocaproic lactone on prolonged boiling or by 
the action of a small quantity of hydrobromic acid : 

(CH3)2 : C : CH • CHg • COOH (CH3)2 : C— CHg— CHg 


0 CO 


Pyroterebic acid is a colourless liquid solidifying at — 15° and boiling at 207° ; it is 
lighter than water, which dissolves it with difficulty. 

7 -ALLYLBUTYRIC acid (i-Heptenoic-7 Acid), CHg : CH • [CH214 • COgH, is 
obtained from cycloTieptanone (or suberone) by Wallach’s reaction, passing through the 
oxime, amine, etc. : 

CHg • CHg • CHg. CHg • CHg • CHg • COOH 

>CO 

CH2 • CHg • CHg/ CHg • CH : CHg 

Oycloheptanone y-AUylbutyric acid 

It is a liquid boiling at 226° and, on oxidation, is converted into adipic acid, 
COOH • CHg • CH2 ■ CHg • CHg • COOH. 

TERACRYLIC ACID (2 : 3-Diinethyl-2-pentenoic-5 Acid), (CH3)2 : C : ClCHg) • 
CHg . COOH, is homologous with pyroterebic acid and is also obtained by distilling an 
oxidation product {terpenylic acid) of oil of turpentine : 


CHg - COgH 
(CH3)3:C-CH-CH2 
0 CO 


COg + (CH3)2 : C : C(CH3) • CHg • COgH. 

Teraciylic acid 


Terpenylic acid 


It is a liquid, b.-pt- 218°, and is slightly soluble in water; with HBr it forms Tiepta- 
lactone, the y-position of the double linking being thus confirmed. 

CITRONELLIC ACID (Dextro-rotatory), CioHigOg. It has not yet been definitely 
decided which of the two following formulae must be attributed to this acid : 


OH3. 

^C • [CHglg • CH(CH 3 ) • CHg • COgH (2 : Q-Dimethyl-l-octenoic-^ acid). 
CHg/ 

®3>c . CH • [CHglg • CH(CH 3 ) • CHg • COgH (2 ; Q-Dimethyl-2-octenoioS acid). 
CHo"^ 
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It is a. liquid boiling at 162 ° under 18 mm. pressure, has a faint odour of capric acid 
and is obtained by the oxidation of citrondlal (an aldehyde, CioH^gO, abundant in ethereal 
oils). 

One of the two formulae must be attributed to Rhodinic Acid (Isevo -rotatory), obtained 
by oxidising rTiodinol, CjQHgoO. 

An inactive i-Rhodinic Acid is also Imown, this being obtained by the reduction (sodium 
in amyl alcohol) of geranic acid, (0113)2 : C : CH • CHg • CHg ■ C(CH3) : CH • COgH, the 
hydrogen being added only at the a;8-double linking. 

UNDECENOIC ACID, CHg : CH • [CHgjg * COgH. The position of the double linking 
in this acid is confirmed by the fact that, on oxidation, the acid yields considerable quantities 
of Sebacic Acid, COgH • [CHglg • COgH. 

It is obtained (about 10 per cent.) on distilling castor oil under reduced pressure. It 
forms crystals melting at 24 - 5 ° and boils unchanged at 213 - 5 ° (100 mm.). When reduced 
with hydrogen iodide, it gives normal undecoic acid, the non-branched character of the 
carbon atom chain being thus proved. 

HYPOG^IC ACID, CH3 • [CH^l, • CH : CH • [CHgl^ • COgH, was formerly thought to 
exist in Araohis hypogcea, but the acid there present has been shown to be another acid 
(arachic acid). It may be prepared by fusing stearolic acid with potash, an intermediate 
product with two double bonds being probably formed ; 

CHg • [CH2I, • C : C • • CH2 • CHg • CO2H ->• 

stearolic acid 

CH3 • [CH2I7 • CH : CH - [CHglg • CH : CH • CO2H 

Hypothetical intermediate acid 

CHg • CO2H + CH3 • [CH217 • CH : CH • [CHglg • COgH. 

Acetic acid Hypogseic acid 

OLEIC ACID, CigHg^Og 
(CH3 • [CH217 • CH : CH • [CHg]^ • COfi) 

This acid is very abundant in nature in the form of glyceride {triolein), 
especially in vegetable and animal oils and fats. After hydrolysis of the fat, 
the fatty acids are liberated and from these the oleic acid separates, as it is 
liquid, whilst the others are soHd. Although Chevreul discovered oleic acid 
at the beginning of the nineteenth century, it was only in 1846 that its 
composition was definitely established by Gottlieb. 

In the subsequent section dealing with soap and candles, the method 
of preparing commercial oleic acid or “ oleine ’’ on a large scale will be described 
in detail; at the present juncture, only the constitution and the methods of 
obtaining fure oleic acid will be considered. Oils rich in olein (olive oil, almond 
oil, lard, etc.) are hydrolysed with caustic potash in the hot, the fatty acids 
being separated from the transparent soap thus obtained by means of hydro- 
chloric acid ; these acids are then heated for several hours with lead oxide at 
100°, and the resulting lead salts dried and extracted with ether. This solvent 
dissolves only the lead oleate, the oleic acid being freed from the lead by means 
of hydrochloric acid. The oleic acid thus obtained is purified by transforming 
it into the barium salt and crystallising this from dilute alcohol, or by repeatedly 
freezing (at — 6°, — 7°) and squeezing the solid oleic acid, which, when pure, 
melts at 14° and has the specific gravity 0*900 in the liquid state ; it has neither 
smell nor taste and, in alcoholic solution, shows no reaction towards litmus. 
In the air and when kept for a long time, the acid turns brown, assumes an 
acid reaction and taste, and undergoes partial oxidation. Under a pressure 
of 10 mm., it boils unchanged at 223°; it may also be distilled without 
alteration by means of steam superheated at 250°. 

The salts of oleic acid (and of other high fatty acids) form the soafs ; the 
alkali salts are soluble in water and separable from this by salt (NaCl), in 
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saturated solutions of wMcL they are completely insoluble. The calcium, 
barium, lead, etc., salts or soaps are insoluble in water. 

The action of concentrated sulphuric acid is mentioned later {see Iso-oleic 
Acid). 

An important and characteristic reaction of oleic acid is its almost quantita- 
tive transformation, by a little nitrous acid (also by heating at 200° with 
sulphurous acid or sodium bisulphite), into the stereoisomeric Elaidic Acid, 
which separates from alcoholic, solution in white scales melting at 51° to 52° 
and boiling unchanged at 225° under a pressure of 10 mm.^ 

That these two isomeric acids have direct (normal) carbon-atom chains is shown with 
cortainty by the fact that, on reduction (e. g., with hydriodic acid and phosphorus or 
directly with hydrogen, as in the industrial hardening of oils : see later, section on Hydrolysis 
of Tats), each of them takes up two hydrogen atoms giving stearic acid, which is known to 
have an unbranched carbon-atom chain; also with bromine, they give dibromo- derivatives 
of stearic acid, and, with permanganate, diJiydroxystearic acid, Ci8H3A(OH)2.2 

ISO-OLEIC ACID, C 18 H 34 O 2 . With concentrated sulphuric acid, elaidic and oleic 
acids give Stearinsulphuric Acid, C 47 H 34(0 • SO 3 H) * CO 2 H, which, with hot water, loses 
sulphuric acid and gives hydroxystearie acid, C 47 H 34 (OH) • COgH (with the OH at the 
position 10). When distilled under reduced pressure (100 mm.) or with superheated 
steam, this acid loses water and gives a considerable quantity of a white, solid acid — 
iso-oleic acic?— which is readily soluble in alcohol and slightly so in ether, from which 
it crystallises in plates, melting at 44° to 45°. The addition of the molecule of water to 
oleic or elaidic acid should take place at the central double linking (provided the sulphuric 
acid does not previously displace this linking) and the subsequent separation of water 
should occur at two carbon atoms adjacent to the double linking, so that the probable 
constitution of iso-oleic acid is, CHg • [CHglg • CH : CH • [CHglg ■ COgH. Various facts 
are, however, known which throw doubt on the accuracy of this formula. 

A'^^-OLEIC ACID (2-Octadecenoic-i Acid), CH 3 • * CH : CH • CO^H, is 


^ From an industrial point of view the transformation of a liquid fatty acid into a solid one 
is of interest, but this change is not utilisable in practice as it proceeds well only with fairly 
pure and fresh oleic acid, and not with the commercial acid, which may be old and possibly 
polymerised {see also later, section on Hydrolysis of Fats). 

2 The position of the double linking in the molecule was under discussion for a number of 
years, and until quite recently this linking was held to be at the end of the chain next the carbo:^! 
group, i. e., in the a iS-position, CHg • [CH 2 k 4 • CH : CH • CO OH, since fusion of these two acids 
with caustic potash resulted in the formation of palmitic acid {Varrenirapp's reaction, p. 350). 
This proof no longer seemed sufficient, however, when it was shown that fusion with potash 
generally displaced the double bond. On the other hand, Baruch (1894) succeeded in ehminating 
hydrogen bromide from the dibromide of oleic acid, thus obtaining stearolic acid, which has a 
triple bond in the middle of the molecule. Also the products of oxidation (by permanganate) 
of oleic acid consist partly of pelargonic and azelaic acids, which contain nine carbon atoms, 
this reaction hence indicating that the oleic acid molecule brdhks in the middle of the chain, at 
the position of the double linking. 

The most certain proof of the constitution of oleic acid has been advanced only recently 
as a result of the study of the ozonide of oleic acid and of its decomposition products (E. Molinari 
and Soncini, 1905 and 1906; C. Harries, 1906). The ozone is added quantitatively at the 
position of the double bond (see p. 107), and, according as ozonised air (E. Molinari) or ozonised 
oxygen (Harries ) is employed, so the simple ozonide : 


CHg • [CHaly * OH CH • [CHak • COOH 

i— o-J 


or a peroxide of the ozonide : 


CHg-LCHgk 


CH— CH 

^0^ 


[CHak • G • OH 


Decomposition of these ozonides (of oleic and elaidic acids) with dilute alkali or water in 
the hot results in the formation of acids (nonoic, azelaic, and others) or aldehydes (nonyl and 
semiazelaic) with nine carbon atoms, showing that the molecule is ruptured at the position of 
the central double linking. 
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prepared by the removal of 1 mol. of halogen hydxacid from the a-halogen derivative of 
stearic acid. It forms white crystals melting at 58° to 59°, does not take up ozone in cold 
chloroform solution, and gives palmitic acid when treated with permanganate. 

ERUCIC ACID (9-Docosenoic^22 Acid), CH3 • [CH217 • CH : CH • [CHglii • COgH, is 
found as glyceride in the oils of black and white mustard, and in those of gi-ape-seed and 
ravison, from which it is readily extracted. It is obtained crystalline from alcohol in 
shining needles melting at 34°, and boils at 254-5° under a pressure of 10 mm. 

It forms a lead salt soluble in hot ether, as does oleic acid, and, like the latter, it is 
readily transformed into its stereoisomeride, Brassidic Acid, by the action of a little nitrous 
acid or of sulphurous or hydrobromic acid in glacial acetic acid solution. This isoineride 
cr3^stallises from alcohol in leaflets melting at 65°, and boils at 256° under a pressure of 
10 mm. ; its lead salt is slightly soluble in hot ether. 

These two isomerides are not reduced by sodium amalgam, but with hj^driodic acfd 
they yield the saturated behenic acid, When fused with potash, they give 

arachic (C2oH40^2) acetic acids. They yield various oxidation, bromination, and 
esterification products. They have normal carbon-atom chains and the position of the 
double linking is indicated by the fact that nonoic acid, CHg * [CHgl^ ■ COOH, and hrassylic 
acid, COgH • [CHglii • COgH (and also a little arachic acid), are among the products of 
oxidation by nitric acid, while elimination of HBr from the dibrominated product gives 
the corresponding helienolic acid, which has a triple bond and is of known constitution. 

ISOERUCIC ACID, CHg • [CHgls * CH : CH • [CHglio • CO2H ( ? ), is obtained by adding 
hydrogen iodide to, and then removing it from, erucic acid (just as with iso-oleic acid), 
and it appears that the double linking is not displaced during these changes, since decom- 
position of the dibromide of this acid (i e., elimination of HBr) gives the same hehenolic 
acid as is given by erucic acid, while oxidation with nitric acid also gives nonoic and brassylio 
acids. Isoerucic acid should hence have the same constitution as erucic and brassidic 
acids, so that, contrary to theoretical indications, three isomerides would seem to exist ; 
this rec[uire8 confirmation. This acid melts at 54° to 56°. 

B. UNSATURATED MONOBASIC ACIDS OF THE 
SERIES, 

The members of this series may be divided into two groups, as is the case 
with the hydrocarbons of the diolefine and acetylene series (see p. 109) : acids 
having a triple linking (propiolic series) and those having two double Hnkings 
(diolefine series). 

ia) ACIDS WITH TRIPLE LINKING 
(Propiolic or Acetylenecarboxylic Series) 


Name 


Constitutional formula 

Melting- 

point 

Boiling-point 

O3H2O2 Acetylenecarboxylic QpropioUc) 
acid ....... 

HO : 0 • CO2H 

9° 

83° (50 inm.) 

C4H4O3 Methylacetylenecarboxylic 
(tetrolic') acid . . . . 


CHs-O • 0-002H 

76-5'’ 

203° 

OsSeOa Bthyl-acetylenecarboxylic acid . 

CgHg * 0 i 0 • COnH 

50° 

— 

OfiHsOa Propyl- 


O3H7 • 0 ; 0 * OO2H 

27° 

125° (20 mm.) 

C6H8O2 Isopropyl- „ 


• 0 • 0 • OO2H 

38° 

115° „ 

C7Hi 302 n-Butyl- „ 


O4H9 • 0 : G - GOaH 

, — . 

135° „ 

C7Hio 02 terfc.-Butyl- „ 


O4H9 -0:0* GO2H 

47° 

116° „ 

O8H12O2 n-Amyl- „ 


CsHii • 0 :* 0 * OOgH 

5° 

149° „ 

09Ui408 n-Uexyl- ,, 


CfiHis -0:0* CO2H 

-10° 

— 

Q10H16O2 n-Heptyl- „ 


OvHis-O i O-OOgH 

6°-10° 

160° (20 min.) 

01^H:2o 02 n-Nonyl- „ 

0iiB[igO2 Debydroundecenoic acid 


OsHm-G i O-COaH 

30° 




OH C • [GHas] • OO2H 

42-8° 

175° (15 mm.) 

O11H18O2 XJndecolic acid . 


OH3 • 0 : CCOHa]? • CO2H 

59-5° 

— 

0 i 8H3202 Stearolic acid . 


0H3 • [CEah * 0 i 0 • [(js ^7 • com 

48° 



0 isH 32O2 Tariricacid 


OH3 ■ [GHglio ' 0 ; 0 • [0H2}4 • C0“2H 

50-5° 



O22H40O2 Behenolic acid . 


OHs ■ [0H2]7 • 0 : 0 • [GHaln • OO2H 

57-5° 

— 


PREPARATION. These acids may be obtained by the following reactions : 
Prom a sodium alkyl acetylide (suspended in ether), by the action of COg 
(a) or of ethyl chJoroformate (6) : 
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(a) CHj • C • C • Na + CO2 = CH3 • C ; C • COaNa. 

Sodium methylpropiolate 

(b) CsHj-CI C-Na + Cl-CO-OC2H5 = ]SraCl + CsH,-C : C-CO-OCjH^. 

Ethyl propylacetyleaecarboxylate 

Various other acids of this series having the triple linking at a distance 
from the carboxyl group (and hence much more stable than the preceding, 
which, when heated, lose COg and give acetylene hydrocarbons) are obtained 
by the elimination of 2HBr (by the action of alkali) from acids of the oleic 
series, tliis reaction being similar to that taking place \rith unsaturated 
hydrocarbons (see p. 110) : 

» CH3 • [CHg]^ • CHBr • CHBr • [CHg]^ • COgH = 

Dibromide of oleic acid 

2HBr + CH 3 • [CHa], • C = 0 ' [GHj], • COgH. 

Stearolic acid 

PROPERTIES, Acids of the type E • C ! C * COgH, when treated with 
sodium in absolute alcoholic solution, take up 4 atoms of hydrogen, giving 
acids of the saturated series ; they also combine easily with 2 atoms of bromine, 
but the second pair of bromine atoms, required to produce saturation, are 
added only with difficulty (the action of light facilitates the reaction) ; when 
boiled with alcoholic potash, they take up a molecule of water, forming saturated 
/5-ketonic acids : 

K • C i C • COgH + HgO - E • CO • CHg • COgH; 

with aqueous potash, however, they yield methyl ketones, E * CO • CHg, 
separation of COg also taking place; tert.-butyltetroHc acid does not react. 
The amines and hydrazine also give characteristic reactions with these acids. 
The esters of the acids have pleasant odours and are used in perfumes. 

Acids with a triple bond do not unite with the ozone of a current of ozonised 
air (E. Molinari, 1907 and 1908), but yield peroxyozonides with ozonised 
oxygen (Harries, 1907; seeig. 369). 

PROPIOLIC ACID (Propinoic, Propargylic, or Acetylenecarboxylic Acid), 
CH : C . COgH, is obtained by heating the aqueous solution of potassium acetylene- 
dicarboxylate : 

C - COgH C - H 

III = COg+ III 

C-COgK G-COgK 

Propiolic acid is a liquid with a more intense odour than acetic acid; it has the sp. 
gr. 1-139, is soluble in water, alcohol, or ether, solidifies at 4°, melts at 9°, and distils 
unchanged at a pressure of 50 mm. 

The alkali and alkaline-earth salts are extremely soluble in water. 

From its esters, metallic acetylides (p. 112) are readily prepared. Under the action of 
light and in a vacuum, it undergoes partial polymerisation, yielding benzenetricarboxylic 
acid. 

TETROLIC ACID (2-Butinoic or MethylpropioHc Acid), CHg • C : C * COgH, is 
obtained by eliminating HCl from the /?-chloro-derivative of crotonic or isocrotonic acid. 
It crystallises from water in rhombic plates, melting at 76-5° and boils unchanged at 203°, 
but it distils only with difficulty in a current of steam. 

Under the action of sodium in alcoholic solution (but not with sodium amalgam in 
aqueous solution), it takes up hydrogen with formation of butyric acid. When oxidised 
with permanganate in alkaline solution, it yields acetic and oxalic acids. 

DEHYDROUNDECENOIC ACID (i-Undecinoic-ii Acid), HC i C • [CHgjg • COgH, 
obtained by heating dibromoundecenoic acid with alcoholic potash, melts at 42-8°. On 
oxidation, it forms sebacic acid, COgH • [CHglg • COgH. It readily forms acetylides. 
Treatment with alcoholic potash at 180° converts it into the isomeric Undecolic 
Acid (2-undecinoic-\\ acid), CHg-C ; C • [CHg]^ • COgH, melting at 59-5°; the latter 
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is hence formed with the dehydroundecenoic acid, if the reaction referred to above 
takes place at a high temperature. Oxidation of undecolio acid yields azelaic acid, 
COgH • [CH2I7 • COgH ; it does not give acetylides, owing to the absence of the charac- 
teristic acetylenic hydrogen atom (see p. 110). 

STEAROLIC ACID (9-Octadecinoic-i Acid), CHg • [CHg^ • C f C • * CO,H, is 

readily obtained by boiling dibromostearic acid (prepared by brominating oleic or elaidic 
acid) with alcoholic potash. It melts at 48°, and under the influence of sulphuric acid 
takes up water, giving a ketostearic acid. When oxidised with permanganate, it takes 
up 2 atoms of oxygen, giving diketostearic acid, whilst with nitric acid it is resolved into 
nonoic and azelaic acids (it is, however, stable in the air, and thus differs from oleic and 
linolic acids) : 


C™ [CHg], -CHg 

III - 

C - [CHg], . COgH 

Stearolic acid 


CO • [CHJ, • CH, 

1 -> CH3-[CH2l, •COjH+COaH-LCHslj-COjH. 

CO • [CHg], • COgH Nonoic acid Azelaic acid 

Diketostearic acid 


Stearolic acid unites with 2HI, and the resulting diiodostearic acid, when heated with 
alcoholic potash, gives stearolic acid again, but in two isomeric forms, having the triple 
linking in the 8 to 9 and 10 to 11 positions respectively. 

The constitution of stearolic acid was confirmed by Harries (1907) by decomposing 
the peroxyozonide of the acid, obtained by the action of ozonised oxygen (ozonised air 
does not yield an ozonide, see pp. 107, 359) : 

■ .o-c-[oiy,-cH3 

Of I II /OH +2H20 = 

^0 - C • [CHal, • c/ 

^0=0 

Perosyozonjde of stearolic acid 

H2O2 + CHg . [CHg], . COgH H- COgH • [CHg], • COgH. 

Nonoic acid Azelaic acid 


TARIRIC ACID (6-Octadecinoic-i Acid), CHg • [CHgl^o * C : C • [CHg]^ • COgH, is 
isomeric with stearolic acid and melts at 50-5° ; as glyceride, it forms the principal com- 
ponent of the fat of the fruit of Picramnia camhoita. It is the first compound with a 
triple bond resulting from the vital process of an organism. It is stable in the air and 
yields stearic acid on reduction with hydriodic acid, so that its molecule contains a normal 
carbon atom chain. Energetic oxidation with permanganate or nitric acid yields lauric 
acid, CHg * IGR^\q • COgH, and ad^ic acid, COgH • [CHg]^ • COgH. 

BEHENOLIC ACID (9-Docosmoic-22 Acid), CHg • [CHg], • C ; [CHgl^ • COgH, 
melting at 57-5°, is obtained from the dibromide of erucic or brassidic acid, in the same 
way as stearolic acid is formed from oleic acid. Its constitution follows from its behaviour 
towards reducing and oxidising agents and from the transformation of its oxime 
(Beckmann). 


(6) ACIDS WITH TWO DOUBLE BONDS, C^Hg^.^Og 
(Diolefinic or Sorbinic Series) 

These acids are prepared synthetically by methods analogous to those used 
for obtaining a^-unsaturated acids, for example, by treating a^-unsaturated 
aldehydes with malonic acid in presence of pjridine : 

CHg : CH • CEO + COgH • CHg • COgH = 

Acrolein 

CO2 + HjO + CH2 : CH • CH : OH • CO^H. 

i3-Vinylaciylio acid 

The acids of the sorbinic series, in which the two double linkings are con- 
^ugated — ^that is, one in the a^- and the other in the yd-position and there- 
fore separated by a simple linking — ^may be reduced by sodium amalgam in 
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aqueous solution (in presence of a stream of COg to fix the alkali) ; only two 
hydrogen atoms are then added, one for each double linking, and a new double 
linking remains in the place of the simple linking previously separating the 
two original double bonds : 

X • CH : CH • CH : CH • COgH + = X * CHg • CH : CH • CH^ * CO2H. 

When these sorbinic acids are oxidised with permanganate, two hydroxyl 
groups enter at the ctjS-double linking, while the chain is broken at the yd- 
double linking with formation of an aldehyde (which then undergoes oxidation) 
and racemic acid : 

K • CH : CH • CH : CH • COgH X • CHO + COJL • CH(OH) • CH(OH) -COaH. 

nacemic acid 

When they are heated wdth aqueous ammonia, 2 mols. of the latter are 
added at the double linking and two diamino-acids formed. 

On heating, acids of the sorbinic series readily polymerise; hence, when 
they are heated with Hme or baryta, not only is COg removed and diolefine 
hydrocarbons obtained, but di- and tri-molecular condensation occurs, giving 
more complex hydrocarbons which are probably of cyclic structure. 


/3-VINYLACRYLIC ACID (i : 3-Pentadienoic Acid), CHg : CH • CH : CH • COgH, 
is synthesised by the method given above. It forms prisms showing a grey reflex, and 
dissolves slightly in cold water, but readily in hot. At 80° it melts to a mobile liquid, 
which, at 100° to 115°, becomes dense and syrupy and then suddenly decomposes with 
evolution of gas. In carbon disulphide solution it unites with four atoms of bromine. 

SORBINIC or SORBIC ACID (2 : 4.Hexadienoic Acid), CH3 • CH : CH * CH : CH • 
COgH, occurs in considerable quantities in mountain-ash berries. It melts at 134:'5°, boils 
at 228° with partial decomposition, is odourless and dissolves readily in alcohol or ether. 

DIALLYLACETIC ACID (i : 6-Heptadiene-4-methyloic Acid), CHgtCH-CHg* 
CH(C02H) • CHg ■ CH : CHg, is obtained synthetically from acetoacetic acid by two separate 
introductions of the allyl residue. It is a liquid, sp. gr. 0-950, b.-pt. 219° to 222°, and has 
an unpleasant smell. Oxidation with nitric acid leads to the rupture of the carbon atom 
chain at the two double linkings and formation of tricarhallylic acid : 


CO,H • CH. 


;2>CH • COgH. 


GERANIC ACID (2 : 6-Dimethyl-2 : 6-octadienoic-8 Acid), (CH3)2 : C : CH ■ CHg * 
CHg * ClCHg) : CH * COgH, is obtained either by oxidation of the corresponding aldehyde 
{citral) with silver oxide, or by elimination of water from citraloxime by the action of acetic 
anhydride and hydrolysis of the resulting nitrile with alcoholic potash. It has also been 
obtained, by a series of reactions, from methylJieptenone, (CHglg : C : CH • CHg • CHg • CO-CHg. 

It is a colourless liquid of not very pleasing odour and boils at 163° under a pressure 
of 13 mm. When shaken with 70 per cent, sulphuric acid it yields, among other products, 
the isomeric a-cyclogeranic acid, melting at 106° : 


CH3CH3 



CH • COgH 


CH3CH3 


\/ 


HjC CH • COjH 


H,0 C • CH3 

\c/ 

'Geranic acid 


HgC C • CH3 
H 

a-Qyclogeranic acid 


LINOLIC ACID, CjgHggOg. In the form of glyceride, this acid is an important 
constituent of dTying oils (linseed, sunflower-seed, etc.). Prom these oils a mixture of 
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unsaturated fatty acids may he obtained which gives the nitrous acid reaction (solidifica- 
tion, owing to the formation of elaidic from oleic acid) only to a slight degree; it contains 
less hydrogen, but not less carbon than oleic acid, and is readily oxidised and thickened 
by the oxygen of the air. The salts of these drying acids are still more readily oxidisable 
than the acids themselves, and their lead salts, like that of oleic acid, are soluble in ether. 
The various components of this mixture of fatty acids — with two or three double linkings 
— have not been completely separated, but as they fix 2 mols. of ozone (Molinari and 
Soneini, 1905), give a tetrahromosteario acid, bromine, and with alkaline 

permanganate yield a feirahydroxi/sfearic {sativic) acid, C^gH3202(0H)4, which gives stearic 
acid with hydrogen iodide, the naixture must contain an acid with two double bonds. 
This is linolic acid, CjgHggOg, which has not been obtained pure, although its stereo- 
isomerides-a-Elseostearic Acid, melting at 43° to 44°, and Telfairic Acid, obtained 
from telfairia oil, m.-pt. 6° andb.-pt. 220° to 225° under 13 mm. pressure — have been 
prepared crystalline. Distillation of ricinelaidic acid gives a finther isomeride, which 
has a normal structure, contains two double linkings, and melts at 53° to 54°. 

(c) ACIDS WITH THREE DOUBLE BONDS, 

CITRYLIDENEACETIC ACID (2 : 6~Dimethyl -2:6: 8-decatrienoic-io Acid), 
CHg • ClCHg) : CH • CHg • CH2 • ClCHg) : CH . CH : CH . CO^H, is a mobile oil, distilling 
at 175° under a pressure of 18 mm., and is formed by condensing 1 mol. of citral with 1 
mol. of malonic acid in presence of pyridine : 

CHg • C(CH3) : CH • • CHg • C(CH3) : CH • CHO + COfi • CHg • COgH = 

Oitral Malonic acid 

H2O -b COg -h Ci 2 Hi 8^2* 

Oitrylideneacotic acid 

LINOLENIC AND ISOLINOLENIC ACIDS, C^gHgoO^, are components of the 
mixture of drying acids referred to above, but have not yet been isolated in a pure state. 
With bromine, however, two hexabromostearic acids, C^^gHgoO^Brg, and with permanganate 
two hexahydroxystearic acids, Cj^gH3o02(OH)(;, have been obtained, and these must be derived 
from two acids containing three double bonds. The fatty acids of linseed oil contain 
50 per cent, of these two acids, together with linolic and oleic acids, whilst the other drying 
oils contain linolic acid in preponderating amount. 

The constitution of Linolenic Acid was definitely established by E. Erdmann, 
Bedford, and Baspe (1909) by decomposing the corresponding tri-ozonides. The three 
double bonds occur in a normal chain : 

CHg • CHg • CH : CH • CHg • CH : CH • OH^ • CH : CH • [CH 2]7 • COgH. 

The ozonides of two stereoisomerides were prepared, their products of decomposition 
being : propaldehyde, malonic dialdehyde, and azelaic semialdehyde. 

Eish oil contains another isomeride, Jecorinic Acid, Cj^gHg^Og, which has been 
little studied. 

III. POLYBASIC FATTY ACIDS 
A. SATURATED DIBASIC ACIDS, C„H2JC02H)2 

These acids are dibasic, since they contain two carboxyl groups and form 
two series of derivatives : acid and normal. 

In general they are crystalline substances, which distil unchanged in a 
vacuum (beyond C3) and are soluble in water. The members with even 
numbers of carbon atoms have lower melting-points than their immediate 
neighbours in the series with odd numbers of carbon atoms, and the differences 
thus shown diminish as the number of carbon atoms increases. The solu- 
bility in water is greater with the acids containing an odd number of carbon 
atoms than for the others, and in both cases it diminishes with increase of 
molecular weight. The dissociation constant is very high for oxalic acid, 
and diminishes considerably in the higher homologues, which are hence less 
energetic acids. 
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Table of the Normal Satthiated Dibasic Acids 


Empirical 

formula 

Xame 

Structural formula 

Melting-point 

CaHaO^ 

Oxalic acid .... 

COOH • COOH 

m 

189° (anhyd.) 

CaH.O, 

Malonic „ 

COgH • CHj ■ COjH 

132° 

C^HeO, 

Succinic „ 

CO,H • [CHolo • COoH 

182° 

CsHgO^ 

Glutaric „ 

C0 sH-[CH2 ]3-C02H 

97-5° 

CeHioO^ 

Adipic ,, .... 

CO,H • [CH^L • COoH 

149° 

C^HjaO^ 

Pimelic ,, .... 

COjH ■ [CHjJs • CO 2 H 

103° 


Suberic „ .... 

COjH-ECHsJe-OCaH 

141° 


Azelaic „ .... 

COjH • [CHj], • CO 2 H 

106° 

^ioP^i8^4 

Sebacic ,, 

COsH-ICHjls-COjH 

133° 

C 12 K 22 O 4 

Decamethylenedicarboxylic acid . 

C02H-[CH2 ]j(,-C02 H : 

125° 

^ 13^^2404 

Brassylic acid .... 

CO^H-ECHJu-CO^: 

112 ° 

^14^-26^4 

Dodecamethylenedicarboxylic acid 

CO 2 H ■ [CHjlij ■ COjH 

123° 

O 17 H 32 O 4 

Boccellic acid .... 

COjHlCHJi^-CO^Hj 

132° 


METHODS OF PREPARATION. In addition to the usual methods of 
oxidising monobasic fatty acids, primary hydroxy-acids, alcohols, and glycols, 
an important and general method consists in hydrolysing the nitriles {see 
p. 238) or cyano -derivatives of the acids, these being obtained from halogen 
alkyls with a less number of carbon atoms. 

Dibasic acids — always of higher molecular weight — are also obtained by 
the condensation of 2 mols. of the ester jfied monopotassium salt of a lower 
dibasic acid by electrolysis of Hofer’s apparatus : 


• COOC2H5 


CHg • COOK 
CHg • COOK 


+ H • OH = + 2KOH + 


CHj • COOO2H5 CH, • COOCaHs 

2 moIs. Eotassiuin ethyl succinate Ethyl adipate 

PROPERTIES. The constitution is deduced from the synthesis in which 
compounds, especially the nitriles, of known constitution are employed. 
Structural isomerism commences with the acids containing four carbon atoms. 
Those acids which have the two carboxyls united to different carbon atoms 
{i. e., other than oxalic and malonic acids and their derivatives), in presence 
of dehydrating substances (PCI5, COClg, etc.), or on heating, lose a molecule of 
water and form a kind of cyclic compound, known as an internal anhydride : 

CHa • COOH CHa * CO. 

I =H20+ I >0 

CHa • COOH CHa— CO^ 

Succinic acid Succinic anhydride 


CHa • COOH CHa-CO 

Glutadc acid Glutaric anhydride 

The ready formation of these anhydrides by the reaction of the two terminal 
carboxyl groups (w, o)") is readily explained by arranging the carbon atoms 
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in space [see pp. 19 et seq.), with their valencies in the directions of the angles 
of regular tetrahedra. Thus, with succinic acid, which contains four carbon 
atoms, the two hydroxyls of the carboxyl groups are found to be moderately 
close together (Fig. 251 ), whilst in glutaric acid the two hydroxyls are almost 
superposed, so that water readily separates, forming a closed ring (Fig. 252). 

Similarly the amides [which see) or the ammonium salts of these acids 
readily form imides [see later), which may be hydrolysed like the amides : 

CHa • COONH4 CH2 • CO. 

I = 2H20-f I >NH 

CH2 ’ COOH CHg • CO^ 

Monoammonium succinate Succinimide 

COOH 

OXALIC ACID (Ethandioic Acid), | , has been known from the 

COOH 

earliest times, since it occurs frequently in nature in plants, especially in 




sorrel, in the form of acid potassium oxalate, and also as incrustations of calcium 
oxalate in plant-cells and in the roots of rhubarb. 

It is often formed in the oxidation of organic substances (sugar, wood, 
starch, etc. ) by nitric acid or permanganate, or by fused caustic potash. 

It is obtained synthetically by heating sodium or potassium formate 
rapidly (best in a vacuum at 280°) : 2H * COONa == NagCgO^ + Hg (the 
reverse change, from oxaHc to formic acid, has already been referred to on 
p. 824), or by passing carbon dioxide over metallic sodium heated to about 
350° : 2Na -f = NagCgO^. 

Its industrial manufacture was, until recently, carried out exclusively 
by the method devised by Gay-Lussac in 1829 and applied by Dale in 1856 : 
sawdust (1 part) moistened with caustic potash solution (2 parts, sp. gr. 1*4) 
or a mixture of 4 parts of -KOH and 6 parts of NaOH is heated at about 240° 
and frequently stirred on iron plates until a greenish-yellow mass is formed. 
While still hot, this is dissolved in water and the solution filtered and con- 
centrated to 38° Be. When cold, the solution deposits crude sodium oxalate, 
which is dissolved in a small quantity of boiling water and precipitated as 
insoluble calcium oxalate by means of Hme. The precipitate is made into a 
paste with water and the oxalic acid liberated by addition of sulphuric acid. 
The hquid is decanted and concentrated until the whole of the calcium sulphate 
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separates, the oxalic acid being then allowed to crystallise out and subsequently 
purified by repeated recrystallisation. When sugar (saccharose) is obtainable 
at a very low price, it may be oxidised with nitric acid (sp. gr. 1 * 4 ) in the cold 
in presence of 0*1 per cent, of vanadic oxide, V 2 O 5 , but for the process to pay, 
the nitrous vapours evolved must be recovered for the regeneration of the 
nitric acid. From 100 kilos of sugar 140 kilos of oxalic acid may be obtained, 
while Molinari and Fedeli (1914) obtained more than 160 kilos of the acid 
(see also Naumann, Moeser, and Lindenbaum’s Ger. Pat. 183,022, 1907, and 
Ger. Pat. 208,999). 

At the present time, the acid and also the various alkaline oxalates are 
prepared by Goldschmidt’s process (see p. 324), which consists in heating a 
Mixture of potassium or sodium formate with a Httle potassium carbonate 
in presence of a small proportion of potassium oxalate and a slight excess of 
alkali (3 to 4 per cent. ). According to Ger. Pat. 229,853 of 1908 about 30 parts 
of sodium formate and 0*3 part of borax or boric acid are heated together 
at 400° in an iron vessel and well stirred for thirty to forty minutes. Another 
method of manufacture (Fr. Pat. 413,947, 1910) consists in allowing the formate 
to fall into an empty pot maintained at 550° to 600° by means of a metal-bath ; 
if the temperature of the mass introduced is kept for half an hour above 400° 
the formate is converted almost quantitatively into pulverulent oxalate (150 
kilos per sq. metre of heated surface); see also Enrchner’s Ger. Pat. 269,833, 
1914. From the oxalate thus obtained the oxalic acid is liberated by means 
of sulphuric acid (see above) ; the final, somewhat impure mother-liquors may 
be utilised to make iron oxalate, which, on calcination, yields an excellent 
English red. 

PROPERTIES. Oxalic acid crystallises in odourless, colourless, trans- 
parent prisms, H 2 C 2 O 4 -f 2 H 2 O, which have a marked acid taste, effloresce 
in the air, and have the sp. gr. 1*64. The soIubiHty at various temperatures, 
expressed as grams of the acid dissolving in 100 grams of water, is as follows : 

Temperature . 0® 10° 20° 30° 40° 60° 60° 70° 80° 90° 

Solubility . 5-2 8 13-9 23 35 51*2 75 117*7 204-7 345 

The crystals lose their water of crystallisation partly at 30° and completely 
at 110° to 120°, but melt at 99° in the residual water; the anhydrous acid 
melts and decomposes at 187° and sublimes at a higher temperature. When 
heated moderately strongly or treated with concentrated sulphuric acid, oxalic 
acid decomposes into CO, COg, and HgO. It is somewhat poisonous. 

USES. It is used in the dyeing and printing of woollen textiles and yarns ; 
it serves for bleaching straw, removing rust stains from fabrics, purifying 
glycerine, stearine, tartaric acid, and cream of tartar from the last traces of 
lime, cleaning brass, etc. To some extent it is used for the manufacture, by 
electrolytic reduction, of gly collie acid (see later), which is used in dyeing and 
printing textiles. Large quantities of the ^cid are used for the extraction of 
rare earths from monazite (see Vol. I., p. 504). 

STATISTICS AND PRICES. Commercial crystallised oxalic acid ^ was sold before 
the war at 28^. to 305. per cwt., while the purified acid cost 405., and the chemically pure 
645. During the war the price rose to £20. 

The Italian imports of oxalic acid are as follows : 

^ Testing of Oxalic Acid. The acid is estimated by means either of normal caustic 
soda solution in presence of phenolphthalein, or of decinormal potassium permanganate solution 
in presence of sulphuric acid in the hot : 

2KMn04 -h 6H2C2O4 + 3H2SO4 = K2SO4 + IOCO2 + 8H3O + 2MnS04. 

Ammoniacal impurities are detected with Nessleris reagent- {Vol. I., p. 690), and, when pure, 
the acid should leave no ash, and 0-5 gram of it should dissolve completely when shaken with 
100 c.c. of ether. 
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1908 1910 1912 1913 1914 1915 191G 1917 1918 

Cwfcs. . 1,920 3,780 5,-470 5,784 4,104 2,452 1,184 2,958 1,788 

Value £ 6,424 — 8,097 — 8,582 — 50,286 — 

The United States imported 1650 tons of oxalic acid in 1911 and 1800 tons in 1913. 

In Kussia, four factories produced about 850 tons of oxalic acid in 1909, by heating 
sawdust with alkali. In 1908 Germany exported 5100 tons of oxalic acid and potassium 
oxalate, 4470 tons (£128,000) in 1909, 5015 tons in 1911, and 5693 tons in 1913. 

SALTS OF OXALIC ACID. Owing to the presence of two carboxyl groups in the 
molecule, oxalic acid gives both acid and neutral salts. The alkaline oxalates are soluble 
in water and are often used instead of the acid, especially in dyeing. 

NORMAL POTASSIUM OXALATE, KgCgO^, used to be obtained by neutralising 
the acid with potassium carbonate, concentrating and allowing to crystallise. Nowadays 
it is prepared by Goldschmidt’s method {see above). It dissolves in three parts of water’, 
crystallises with iHgO, and readily effloresces in the air. It costs 425. to 44s. per cwt., 
or, when chemically pure, £3. 

ACID POTASSIUM OXALATE (or Potassium Hydrogen Oxalate), KHC2O4, is 
obtained by dissolving the neutral oxalate (1 mol.) and oxalic acid (1 mol.) in water, 
concentrating and allowing to crystallise, when it separates with IHgO. It has a bitter, 
acid taste, is poisonous, and dissolves in 14 parts of hot water. 

POTASSIUM TETROXALATE (Commercial Salt of Sorrel), KHCgO^ -f H2C2O4 + 
2H2O, does not effloresce or lose its water of crystallisation in the air. It is obtained by 
mixing a hot, saturated solution of potassium oxalate with the calculated amount of 
saturated oxalic acid solution. It costs 425. to 445. per cwt., or, if chemically pure, 645. 

CALCIUM OXALATE, CaC^O^, crystallises with 2H2O and is obtained from a solution 
of a soluble oxalate, containing either ammonia or acetic acid, by addition of a soluble 
calcium salt. It is insoluble in water or acetic acid. 

FERROUS OXALATE, FeC204, or, better. Ferrous Potassium Oxalate, 
KgPe (€204)2 + HgO, gives a yellow aqueous solution owing to the colour of its cation, 
FeC204". It possesses strong reducing properties and is largely used on this account, 
while it serves also as a good photographic developer. 

POTASSIUM FERRIC OXALATE,. K2Fe3(C204)3, gives a green aqueous solution 
owing to the colour of its cation, Fe (0204)3"'. In the light it yields COg and potassium 
ferrous oxalate, and it is used in the platinotype method of photography. 

CO H 

MALONIC ACID (Propandioic Acid), H4C3O4 or forms crystals melting 

at 132° and is readily soluble in water (1 ; 1-4 at 15°), alcohol, or ether. It occurs in the 
beetroot and is obtained synthetically by hydrolysing cyanoacetic acid prepared from 
a hot aqueous solution of potassium chloroacetate and potassium cyanide ; 

nrr ^ pfT v p-cr ^C02H 

Ohloroacetic acid Cyanoacetic acid Malonic acid 

Like all compounds containing two carboxyl groups united to the same carbon atom, 
it evolves CO2 when heated above its melting-point, acetic acid being formed. Higher 
monobasic acids are similarly obtained from alkylated malonic acids ; 

CH3 • CHj • CHa • = COj + CH3 • CHj • CH^ • CHj ■ CO^H. 

17 oxmal propylmalonic acid N onnal valeric acid 

Malonic acid forms an ester, ETHYL MALONATE, CH2<p?2 ' ^2% which is of great 

importance, since it allows of the synthetical preparation of the most varied higher dibasic 
acids, and from these, by loss of carbon dioxide, of the corresponding monobasic acids. 
This ester is obtained by passing gaseous hydrogen chloride into cyanoacetic acid dissolved 
in absolute alcohol; it is then separated by distillation, as it boils at 198°. At 15° it 
has the sp. gr. 1*061. 

The hydrogen atoms of the methylene group of this ester may be replaced by one or 
two atoms of sodium (or halogens) giving highly reactive sodiomalonic esiers. The sodium 
in these may he substituted by one or two alkyl groups simply by treatment with an alkyl 
iodide, sodium iodide being separated at the same time. The resulting products are 
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iiigher iioniologues of tiie malonic ester, and hence yield the corresponding homologues 
of malonic acid on hydrolysis. The hydrolysis of the esters of dibasic acids by alkali 
takes place in two stages, the second ester group being hydrolysed more slowly than the 
first. 

HOMOLOGUES OF MALONIC ACID 


Name of acid 

Eormula 

Melting- 
point 
of acid 

Boiling-poliit 
of the 

diethyl ester 

Methylmalonic 

CH 3 .CH(C 03 H )3 

about ISO*^ 

190°-193° 

Dimethylmalonic . 

(CH3)2:C(C02H)2 

192°-193° 

196° 

Ethylmalonic 

C2H5-CH(C02H). 

112° 

210° 

Biethylmalonic 

(C2Hg)2:C(C02H)2 

124° 

230° 

Propylmalonic 

C2Hg.CH2-CH(C02H)2 

93-5° 

219°-222° 

Dipropylmaloni c 

(C3H5-CH3)3:C(C03H)3 

156° 

248°-250° 

Isopropylmalonic . 

(CH3)2:CH.CH(C02H)2 

86° 

213°-214° 

Methylethylmalonic 

(CH3){C2Hg)C(C02H)2 

118° 

207°-208° 

Butylmalonic 


98-5° 

— 

sec. Butylmalonic . 

C 3 H 3 -CH(CH 3 )-CH{C 03 H )3 

76° 

224°~-225° 

Isobutylmalonic 

(CHgla : CH • CH^ • CH(C0.2H)2 

107° 

225°-226° 

Diisobutylmalonic . 

[(CH3)2:CH.CH2]2C(C02H)2 

145°-150° 

245°-255° 

Methylpropylmalonic 

(CH3)(C2Hg-CH2)C(C02H)2 

106°-107° 

220°-223° 

Methylisopropylmalonic . 

[(CH3)2CH](CH3):C(C02H)2 

124° 

221° 

Pentylmalonic 

CgHg • CHg - CH.2 • • CH(C02H), 

82° 

— 

Tsoamylmalonic 

(CH3)3CH . CH 2 . CH 2 * CH(C02H)2'^ I 

98° 

240°-242° 

Diisoamylmalonic . 

[(CH3)2CH.CH2.CH2]2C(C02H)3 I 

147°-148° 

278°-280° 

2-Methylbutylmalonic 

(CH3)(C2H5)CH • CEL, • CH(COoH)2 ! 

90°-91° 

244°-246° 

tert. Amylmalonic . 

(CH3)2(C,Hg)C.CH(C02H)2 “ | 

— 

238° 

sec. Amylmalonic . 

(C2H5)2CH.CH(C02H)2 j 

52°-53° 

242°-245° 

Methylisobutylmalonic . ■ 

(CH3)2CH-CH2.C(CH3)(C02H)2 I 

122° 

230°-235° 

Ethylisopropylmalonic 

{CH3)2CH-C(C,Hg)(COoH)2 j! 

131°-131*5° 

232°-233° 

Cetylmalonic . 

CH3.[CH2]i5.CH(C02H)2 

121-5°-122° 

— 

Dicetylmalonic 

[CH3.(CH2)i5]2:C(C02H)2 

86°-87° 

— 

Dioctylmalonic 

[CH3.(CH2),]2:C(C02H)2 ! 

75° 

338°-340° 


Treatment of ethyl malonate (1 mol.) with sodium (1 or 2 atoms) results in the evolu- 
tion of hydrogen and the formation of the solid mono- or di-sodiomalonic ester : 

AT nTT/COa-CoHs 

Na-CH< or CNa 2 < 2^ 2 6 


The sodium of the monosodio-compound may be replaced by an alkyl group and the 
remaining methylene hydrogen then replaced by sodium, which may subsequently be 
substituted by an alkyl group different from the first. 

An example of this synthesis is as follows {see also later: Glutaric Acid) : 

Na . + CH3I = Nal + CH3 • CH<CO. • 


CH3 . CISra<gQ 2 ; + C3H5I = Nal 


.CH3.C(03H3)<«O^:Cg 


Hydrolysis of the final ester yields Methylethylmalonic Acid. 
Homologues of succinic acids may be obtained as follows : 


Ethyl socliomethylmalonate 


Br • CH<^2 ■ CaHj 

UJlg 

Ethyl a-bromopropionate 


COg.C^Hg 

I no 
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CO^-C^Hg 


24 




370 


ORGANIC CHEMISTRY 


When this complex ester is saponified and the acid thus formed heated to expel CO^ 
from one of the carhoxyl groups united to the same carbon atom, symmetrical dimethyl- 
succinic acid is obtained : 


CO,H CO»H COM 

I COH II 

CHj • 0 • = CO, + CHj • CH CH • CH, 

COjH 

Also 2 mols. of ethyl sodiomethylmalonate (or ethyl sodiomalonate or its homologues) 
may be condensed in ethereal solution by means of bromine or iodine : 




2NaI + CHg • C- 


- C ■ CH, 


Ethyl dimethylethanetetracarboxylato 


Hydrolysis of this ester gives the corresponding acid and the latter loses 2 CO 2 on heat- 
ing, yielding dimethylsuccinic acid. Similarly succinic acid may be obtained from 
ethyl sodiomalonate, and homologous, symmetrical alkylsuccinic acids by condensing 
2 mols. of ethyl sodioalkylmalonate containing alkyl groups higher than methyl : 


CO2H CO2H 

I I 

CH,-C C-CH,= 

I I 

COjH COjH 


CO,,H CO,H 

I I 

2C02+CH3-CH CH-CHj 

Dimethylsuccinic acid 


SUCCINIC ACIDS, C^HgO^ (Two Isomerides) 

(a) ORDINARY SUCCINIC ACID (Butandioic or Ethylenesuccinic Acid), 
COgH • CHg • CH 2 COgH, occurs in nature in various plants, in the unripe grape, in certain 
lignites, and, more especially, in amber, from which it is obtained by distillation or 
fermentation. 1 

Alcoholic fermentation also yields a small amount of succinic acid, which thus forms 
a normal constituent of wine. Ehrlich (1909) has shown that, in the alcoholic fermenta- 
tion of sugar, the succinic acid is formed from the glutamic acid resulting from the 
decomposition of the cells of the ferment. Numerous syntheses also lead to the formation 
of succinic acid; e. gr., the reduction by hydrogen of fumaric or maleic acid, these being 
unsaturated dibasic acids, C^H^O^ ; hydrolysis of ethylene cyanide, ON • CHg • CHo • ON, 
obtained from ethylene bromide, CgH^Brg {see above); reduction of the hydroxy-acids, 


T, shores of Denmark and along the coast of the Baltic, in the neigh - 

bournood of Konigs berg, Holstein, and Mecklenburg, in Knland, Siberia, and the Urals (Jekator- 
inenbeig ), and prely in Sicily and Spain. It consists of fossil rosins (succinite, allingite, bockerite, 
glessite, gedanite, etc.). That thrown up on to the seashore is transparent, shiny, yellowish, 
pale (gedamte and succinite) or yellowish-brown (beckeiite and stantienite), while that mined 
^^7 with an opaque, hard crust. It is odourless and tasteless, and when rubbed -with a 

do n becomp^ electrified. It is insoluble or almost so in ether, cold alcohol and other ordinary 


uo oou , ana uiy-uisiiiis ar aoovo wu , giving 

succinic acid and yellow amber oil (of repulsive smell; sp. gr. 0 - 95 ; soluble in alcohol, ether or 
petroleum ether; used for varnishes) and leaving a residue termed amber co/opAonw, used 
lor making varnishes. Amber has the sp. gr. 1-050 to 1-096, the acid value 15 to 34, 
the sapomfication^ number 86 to 150, and the iodine number 57 to 58. It consists of 70 per 
cent, ot the pccmic ester of succinoresinol and 28 per cent, of abietinsuccinic acid; some- 
lines it contains a little sulphur (succinite ). It is sometimes adulterated with co’pal resin (which 
aLk soluble in various solvents). An excellent substitute for it is baehelite {see Phenol). 

mouthpieces of pipes and cigar-holders. Scrap 
L distilled, or used for making varnish, or softened in the hot with carbon disulphide 
Thp °y>“?ed directly at 200° under 400 atmospheres’ pressure to make block miber. 

thp wflr ™ annum. Italy imported, before 

tne war, 300 to 400 kilos per year at a price varying from £2 to £12 per kilo. 
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malic and tartaric acids, by means of hydriodic acid ; heating of ethyl ethanetricarboxylate 
above its melting-point : 

ch.-co^h 

1 =co,+ 1 

I CHj • COjH 

CHj-CO^H 

Various alkylsuccinic acids are obtained by syntheses with ethyl malonate. 
HOMOLOGUES OF SUCCINIC ACID 


Name of Acid 

Composition 
of acid 

Melting-point 
of acid 

Melting point of 
the anhydride 

Methylsuccinic 

CjHA 

112 ° 

37° 

Ethylsuccinic 

^6^10^4 

99° 

Liquid 

symm. Dimethylsuccinic (fumaroid ) . 

C 6 H 10 O 4 

209° 

43° 

„ „ (maleinoid) . 

C 6 H 40 O 4 

129° 

91° 

asymm. „ .... 

C,H,A 

140°-141° 

31° 

Propylsuccinic 


91° 

Liquid 

Isopropylsuccinic 

C 7 H 1204 

114° 


symm. Methylethylsuccinic (fumaroid) 


180° 

— 

„ „ (maleinoid) 

C,HiA 

101 °- 102 ° 

Liquid 

asjrmm, ,, ... 

^7^12^4 

104° 


Trimethylsuccinic 

C,Hj ,04 

152° 

38° 

Butylsuccinic 

CSH 4404 

81° 

— 

Isobutylsuccinic 

C 8 H 4404 

109° 

Liquid 

symm. Methylpropylsuccinic (fumaroid) . 

^8®-14^4 

158°-160° 

»9 

„ „ (maleinoid) . 

C 8 H 14 O 4 

92°-93° 

ti 

„ Methylisopropylsuccinic (fumaroid) 

C 5 H 44 O 4 

174°-175° 

46° 

„ „ (maleinoid) 

CgHi^O^ 

125°-126° 

Liquid 

„ Diethylsuccinic (fumaroid) 

CgHrA 

189°-190° 


„ „ (maleinoid) . 

CgHiA 

129° 

)> 

asymm. „ . . . - . 

^8®-14^4 

86 ° 

P9 

aa-Dimethyl-a-ethylsuccinie 

^8®^14^4 

139°-140° 

)} 

Tetramethylsuccinie .... 

CgH,A 

200 ° 

147° 

Isoamylsuccinic 

CAeO, 

75°-76° 

— 

n-Hexylsuccinie 

CihHi804 

87° 

57° 

symm. Dipropylsuccinic (fumaroid) . 

C10H18O4 

182°-183° 

Liquid 

„ „ (maleinoid) . 

^10^-18^4 

119°-121° 


n-Heptylsuecinic ..... 

^11^20^4 

90°-91° 

— 

symm. Diiso butylsuccinic (fumaroid) 

' ^12^-22^4 

. 195° 

Liquid 

„ „ (maleinoid) 

^12®^22^4 

97°-:98° 


Tetraethylsuccinic 

^12^22^4 

149° 

86 ° 

Tetrapropylsuccinic .... 

^16^30^4 

137° 



Pure succinic acid crystallises in monoclinic plates, m.-pt. 182°, b.-pt. 235°, having 
a disagreeable acid taste. When subjected to distillation, it loses water and yields succinic 
anhydride. Its solubility in water is 1 : 20 at the ordinary temperature, and it is highly 
resistant to the action of oxidising agents. 

Calcium succinate is soluble in water ; ferric succinate is used in the estimation of iron. 
( 6 ) ISOSUCCINIC ACID {Ethylidenesuccinic or Methylpropandioic Acid), 
CO u 

CHg • forms needles or prisms which melt at 130° with evolution of COg and 

^formation of propionic acid. It is more soluble in water than its isomeride, but yields 
no anhydride. It is obtained by synthesis from ethyl malonate, or by treatment of 
a-bromopropionic acid with KCN and subsequent hydrolysis. 
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PYROTARTARIC ACIDS, CgHgO^ (Four Isomerides) 

{a) GLUTARIC ACID (Normal Pyrotartaric or Pentadioic Acid), 
COgH • CHg ■ CHg ’ CH 2 • COgH, forms crystals melting at 97*5° and is readily 
soluble in water. It is obtained from 1 mol. of methylene iodide and 2 mols. 
of ethyl sodiomalonate, the intermediate product being hydrolysed and 2 mols. 
of CO 2 then eliminated by heating : 

CH<, 


.2Na 






CH< 


.C 02 H. 
COgH 


CH 2 


= 2 CO 2 + 


= 2NaI + CHa 
CH<; 
CHa • CO2H 

I 

OHa 


CHa • COgH 

Glutaric acid 


COa'CaH, 


■COa • CaHg 


-CO2 • CaHg 


'CO2 ’ C! 2 Hg 



(h) PYROTARTARIC ACID (Methylbutandioic Acid), 
COgH • CH2 • CH • COgH 


CH, 


is formed, together with pyruvic acid, when ordinary tartaric acid is subjected 
to dry distillation; synthetically it is prepared from ethyl acetoacetate. It 
forms small triclimc crystals melting at 117° and its anhydride is known. 
Since it contains an asymmetric carbon atom, it exists in two optically active 
stereoisomerides. 

HIGHER HOMOLOGUES 

The dialkylsuccinic acids (see above) contain two asymmetric carbon atoms 
and give rise to important cases of stereoisomerism. Together with the homo- 
logues of glutaric and adipic acids, they are found among the products of decom- 
position of the terjoenes and hence serve to establish the composition of these. 

^-METHYLADIPIC ACID, COgH • CHg ■ CH(CH 3 ) * CHg • CHg ' COgH, melts 
at 85° and occurs along with menthol, etc., in the oxidation products of 
numerous ethereal oils. 


SUBERIC ACID (Octandioic Acid), COgH • [CHglg • COgH, is obtained by boiling 
cork waste or fatty oils with nitric acid ; it melts at 14P and its anhydride at 62°, while 
its ethyl ester boils at 281°. Distillation of the calcium salt yields suherone (Jcetoheptametliy- 
lem). 

AZELAIC ACID, CO. 2 H • [CHgl^ ' COgHjis now obtained easily and cheaply by decom- 
posing the ozonides of oils and of the corresponding unsaturated fatty acids, especially 
of oleic acid (E. Molinari, Soneini, and Fenaroli, 1906--1908). The acid oiigiiially cost 
£24 per kilo, but can now be sold for a few shillings. It is obtained well crystallised from 
benzene or from water, in which it dissolves easily in the hot but only slightly in the cold 
(1-648 per cent, at 55°, 0'817 per cent, at 44-5°, 0-214 per cent, at 22°, and 0-212 per cent, 
at 15 °) ; it is soluble also in alcohol or ether, melts at 106°, and gives a calcium salt which 
dissolves in cold but not in hot water. 

SEBACIC ACID (Decandioic Acid), COgH • [CHgJg • COgH, melts at 133° and is formed 
when oleic acid is dry-distilled or when stearic or ricinoleic acid is oxidised with nitric 
acid. Its anhydride melts at 78° and its diethyl ester boils at 196°. 

Sebacic acid is now used industrially for the separation of thorium from the rare earths 
(see Vol. I., p, 505). 



OLEFINEDICARBOXYLIC ACIDS 


378 


HIGHER HOMOLOGUES OF OLEFINEDICARBOXYLIC ACIDS 


Name of Acid 

Structure 

X = OO 2 H 

Melting-point 
of acid 

Meltirig-point 
of the 
anhydride 

Boiling-point 
of the 
anhydride 

Dimethylfumaric (a-metliyl- 
mesaconic) 

CHg • OX : CX • CH 3 

239^-240° 



Bthylfumaric (y-methylmesa- 
conic) .... 

OH 3 • OHj • OX : OHX 

194°-196° 



Ethylmaleic (y-mefcliylcitra- 
couic) .... 

OH, • OH, • OX : OHX 

100 “ 

Liquid 

229° 

a-Methylifcaconic . 

OHj : OX • OHX • OH 3 

150“-151° 

62°-63° 

. — 

■y-Mcthylitaconic . 

CH 3 • OH : CX • OHaX 

166°-167° 

— 

— 

Propyllumaric 

CH 3 . OH, • OH, • OX : OHX 

174°-175° 

— 

— 

Propylmaleic 

OH 3 • OH 2 . OH 2 - OX : OHX 


- — 

243°-245° 

y-Bthylitaconic 

GHj • OHj • OH : CX • CH,X 

162'’-167° 

— 

— . 

Allylsuccinic 

OH, : OH • CHa • OHX • OH,X 

-92°-93° 

Liquid 

About 20° 

Isopropylfumaric . 

(CH3)30H • CX : OHX 

185“-186° 

— 

— 

Isopropylmaleic . 

(CH3)„0H • CX : OHX 

91“-93“ 

+ 5 ° 

138° (61 mm ) 

yy-Diraethylitaconic (teraconic) 

(OHa^O : OX • CHjX 

160°-161° 

44° 

197° (22 mm.) 

y-Methylene-y-methylpyro- 

tartaric 

OH 3 : CCOHj') • OHX • CH,X 

146“-147“ 

Liquid 


Methylethylmaleic 

OHj • OHs • OX : OX • CH; 

— 

230° 

a-Bthylitaconic 

OH. : CX • OHX • CH, • OH 3 

150“ 

52° 

— 

ay-Dinaethylitaconic 

OH 3 • OH : OX • OHX“ CH, 

202 ° 

Liquid 

131° (16 mm.) 

aa-Dimetliylitaconic 

0 H 3 : 0 X-CX(CH 3-)2 

142-5° 

,, 

210°-215° 

Bufcylfumaric 

OaHs • CHj • OH 3 • OX : OHX 

170° 

— . 

— 

Butylmaleic . 

0,Hs • OH, • CH, • OX : OHX 

80° 

— 

— 

y-Propylitaconic . 

C^Hj • OH, • CH : OX • OH,X 

159°-160° 

— 

— 

Isobutylfumaric . 

(OH 3 )jOH“ oh, • OX : GBX 

183° 

— 

— 

Isobutylmaleio 

C0H3),CH • CHj • OX : OHX 

78°-Sl° 

— 

— 

y-Isopropylitaconic 

(0H3)s0H • CH : ox • CH^X 

189°-192° 

— 

— 

Methylpropylmaleic 

CH 3 - 0 H 3 -CH,-CX:CX-CH 3 

— 

Liquid 

2il°-242° 

Methylisopropylmalcic . 

( 0 H 3 ) 2 CH • ox : ox • OH 3 

— 


240°-242° 

Dicthylmaleic 

CaHj-OXiOX.OaHj 

— 

” 

239°-240° 

y-llethyl-a-ethylitaconic 

OH, • CH : OX . OHX • CoHj 

130° 


143° (12 mm.) 


B. UNSATURATED DIBASIC ACIDS 
1. OLEFINEDICARBOXYLIC ACIDS, C.Hg^.^O^ 


O 4 H 4 O 4 

Fumario acid 

. COgH'CH melts at 200 ° (sublimes) 

II 


Maleic acid 

CH • CO^H 

HC • COgH 

II V 

130° boils at 160° - 


Mesaconic acid . 

II 

HC • COfl 

CO^H • g • CHg 

202 ° — 


Citraconic acid . 

CH • COgH 

CHg • C • COgH 

' II 


JJ 

Itaconic acid 

11 

CH • CO 2 H 
CHgiC-COaH 

161° — 

J> 

Glutaconic acid . 

j 

CHg-COgH 

COaH-CHtCH-CHg-COgH 

bn 

0 

1 

CeHsO, 

Pyrocinchonic acid 

CHg-C-COgH 


OAO, 

Pyrocinchonic an- 

II 

CHg • C • CO.,H 

CHg • c—c6. 

' II \n 

96° boils at 223° 


CHg • 0— Co/ 

afi-Hydromuoie acid CO.H • CH, • CH, • CH : CH • COjH „ 

169° (stable) 


)Sy- 

COgH • CHg • CH : CH • CH^ • CO^H „ 

195° (labUe) 


As far as the carboxyl groups are concerned, these acids have chemical 
properties similar to those of the saturated dibasic acids [see p. 364), whilst, 
as they are unsaturated compounds, they are able to combine with 2 atoms 
of hydrogen or halogen or with 1 mol. of a halogen hydraoid. 
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They are usually prepared from the mono- and di-halogen substitution 
products of succinic acid and its homologues by removing either 1 mol. of 
halogen hydracid (by heating with KOH) or 2 atoms of halogen : 

CHa • COgH HBr + CO2H • CH 

1 ^ II . 

CHBr • CO2H CH • CO2H 

Monobromosuccinic acid Fumaric acid 

Distillation of the saturated dibasic hydroxy-acids results in the removal 
of 1 mol. of HgO and the formation of unsaturated acids. 

The most interesting cases of stereoisomerism were considered on p. 21. 
When fumaric acid is either heated or treated with PCI5, POCI3, or P2O5, it 
is converted into maleic anhydride. Maleic acid is transformed into fumaric 
acid by heating at 200° in a sealed tube or by the action of bromine or of various 
acids in presence of sunlight. 

FUMARIC ACID (trans-Butendioic Acid), C4H4O4 or COgH * CH, 

HC • COgH 

forms small white prisms which have a marked acid taste and are almost 
insoluble in water ; it does not melt, but sublimes at about 200°, subseq[uently 
losing water and becoming converted largely into maleic anhydride. 

It is moderately widespread in certain vegetable organisms, e. g., in fungi, 
truffles, Iceland moss, and especially in Fumaria officinalis. It may be pre- 
pared by the ordinary synthetical methods and also by the action of phosphorus 
and bromine on succinic acid, the product obtained being decomposed by 
heating with water. 

It is stereoisomeric with maleic acid {see p, 22 ) and its reduction to normal 
succinic acid by means of nascent hydrogen confirms its constitution, which 
is also deduced from the decomposition of the corresponding ozonide (Harries). 

The Silver Salt, C^HgO^Aggj is slightly soluble in water, and the same is the 
case with the barium salt, C4H2O4 Ba + SHoO, which in boiling water becomes 
insoluble and separates in the anhydrous form, C4H204Ba. 

MALEIC ACID (cis-Butendioic Acid), C4H4O4 or CH • CO<,H, forms large 

II 

CH • CO2H 

prisms melting at 130° and having an unpleasant taste; it boils at 160°, losing 
water and becoming converted partially into maleic anhydride. It is readily 
soluble in water. 

Its ready transformation into maleic anhydride is explained by the stereo- 
chemical relations considered on pp. 21 et seq., and in many general methods 
of preparing the acid, the anhydride is first obtained. 

The Barium Salt, C4H204Ba -b HgO, is soluble in hot water, from which 
it crystallises well. 

Electrolysis of the alkali salts of fumaric and maleic acids yields acetylene. 
When heated with sodium hydroxide at 100°, these two acids are converted 
into inactive malic acid. 

ITACONIC ACID (Methylenesuccinic Acid), C 5 Hg 04 or CHg : C ’ COgH, is a white 

CHg • COgH 

substance melting at 161° and non-volatile in steam. It is obtained by the action of 
water on its anhydride, the latter being formed by the interaction of citraconic anhydride 
and water at 150°. Hydrogen converts it into pyrotartaric acid and permanganate into 
hydroxyparaconic acid. On electrolysis it yields allene, CHg : C : CHg. 

MESACONIC ACID (Methylfumaric Acid), C5He04 or COgH * C ' CHg, is formed by 

HC • COgH 
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heating citraconic or itaconic acid with water at 200 ° or by treatment of citraconic acid 
with dilute HNOg or concentrated NaOH, or with traces of bromine in sunlight. It is 
difficultly soluble in water, melts at 202 °, and does not distil in steam. When electrolysed 
it forms allylene, CHg • C CH, while with hydrogen it gives pyrotartaric acid and with 
permanganate, pyrotartaric and oxalic acids. It forms a barium salt, CgH^ 04 Ba + 4 TT„ 0 . 
CITRACONIC ACID {Methylmaleic Acid), CgHgO^ or CHg • C • COgH, is formed from 

II 

HC • CO^H 

the corresponding anhydride and water. It melts at 91°, differs from the two preceding 
acids by being very soluble in water, distils in steam and readily gives the anhydride 
again. On electrolysis it yields allyU^iCf while with hydrogen it forms pyrotartaric acid. 

^ GLUTACONIC ACID, CgHgO^ or COgH * CH : CH ■ CHg • COgH, is isomeric with the 
three preceding acids, and is obtained by hydrolysing the corresponding ester with HCl; 
it melts at 132° and the hydrogen of its CHg-group is replaceable by sodium {see p. 368). 

Of the higher homologues of these acids mention may be made of the alkylitaconic 
acids, with which, on heating with NaOH solution, the position of the double linking 
changes, gives alkylmesaconic and alkylaticonic acids (Fittig), e. g., isobutylaticonic acid, 
(CHg)^^! • CH : CH • CH(C 02 H) • CHg • COgH, which melts at 93°; with alkalis these 
acids undergo the reverse change to some extent. 

The calcium and barium salts of the alkylmesaconic acids are readily soluble in water, 
and those of the alkylitaconic acids slightly soluble. 

Of these homologous acids, the following deserve mention : 

PYROCINCHONIC ACID (Dimethylmaleic or Dimethylfumaric Acid), C 6 H 8 O 4 or 
COgH • C = C • COgH. Of the two stereoisomerides, only dimethylmaleic acid was until 

CHg CH 3 

recently known, and then only as the anhydride, namely, pyrocinchonic anhydride (m.-pt. 
96°, b.-pt. 223°). Dimethylmaleic acid cannot exist in the free state, as it immediately 
gives up water, forming the anhydride ; its esters are, however, known. 

CHg-C-CO. 

The anhydride, || ^0, may be prepared in various ways, e. p,, by distilling in 

CHg-C-CQ/ 

steam the product of the interaction of pyrotartaric acid and sodium succinate, but a 
better yield is obtained by first preparing the nitrile of methylacetoacetic acid and distilling 
this in a vacuum. 

According to A. Bischoff, the stereoisomeride, Dimethylfumaric Acid, CHg • C * COgH. 

COgH-C-CHg 

could not, owing to stereochemical considerations, be formed in the free state, but Fittig 
and Kettner (1899) and also E. Molinari (1900) have succeeded in isolating it in various 
ways. ^ It forms white crystals, m. -pt. 152° ,* its amido-deri vati ves have also been prepared. 

Bauer (1904) made the interesting observation that dimethylfumaric acid and, in 
general, compounds containing carboxyl or alkyl or phenyl groups or bromine atoms 
united to two carbon atoms connected by a double linking, do not unite with bromine. 


^ Fittig and Kettner, Tn fl.kin g use of the property of various acids, homologous with citraconic 
acid, of yidding the corresponding fumaroid isomeride when simply heated with alkali, obtained from 
pyrocinchomc ahhydride the two acids ; one melting at 151°, to which is ascribed the constitution 
CHa : C • CO 2 H {^-methylitaconic acid), and another melting at 240° and regarded as CH 3 • G • COaH 


CH.-CH-COaH COaH-C-CHa 

{dimethylfumaric acid). It is highly probable, for the foUowing reasons, that the latter constitu- 
tion should be attributed to the acid meltmg at 151° : 

By a long series of investigations (1881 to 1896), Komer and Menozzi showed that, in general, 
the treatment of ct^amino-acids with methyl iodide in preserve of caustic potash yields the corresponding 
betaines (condensed alkyl-substituted amines), but the ^-amino-acids, if similarly treated, always 
yield the corresponding unsaturated, non-nitrogenous acids of the fumaroid type (betaines being 
probably formed as intermediate products). As the same ^-amino-acid can he obtained from the 
two stereoisomeric unsaiurated acids, this general reaction renders it possible to pass from a maleinoid 
unsaturated acid to the correspmding^ fumaroid stereoisomeride. By applying this reaction to 
pyrocinchonic anhydride, E. Molinari arrived at the expected stereoisomeride {dimethylfumaric 
acid), melting at 162°. 
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H'YDROMUCONIC ACIDS, CgHgO^. Of these are known (1 ) the a/3-nnsaturated acid, 
COgH • CHg • CHg • CH : CH • COgH, which is stable and melts at 169 ° ; with permanganate 

S y /3 a 

it yields succinic acid. (2) The unstable jSy-acid, CO2H • CHg • CH : CH • CHq • CO^H, 
which melts at 195° and is obtained by reducing muconic acid; when heated with alkali, 
it is converted into the stable isomeride, whilst with permanganate it gives malonic acid, 
COaH-CHg-COgH. 

Of the DIOLEFINEDICARBOXYLIC ACIDS, only Muconic Acid, CO^H • CH i 
CH • CH : CH • COgH, melting above 260°, need be referred to. 

Of the ACETYLENEDICARBOXYLIC ACIDS, mention will be made only of 
Acetylenedicarboxylic (Butindioic) Acid, COgH • C : C * COgH, which melts and 
decomposes at 175° ; it crystallises with 2H2O. It is obtained on removing HBr from 
dibromo- or isodibromo -succinic acid by means of potash. ^ 

Diacetylenedicarboxylic Acid, COgH • C : C • C : C • COgH -f HgO, turns dark red in 
the light and explodes at 177°. When reduced with sodium amalgam, it yields hydro- 
muconic acid. 

Tetracetylenedicarboxylic Acid, COgH • C : C • C : C • C i C • C ■ C • COgH, forms 
white crystals which blacken rapidly in the light and explode violently on heating. 


C. TRIBASIC ACIDS 

These have usually been obtained synthetically, and are not very stable, 
since they readily yield carbon dioxide and dibasic acids when heated ; their 
esters, however, exhibit increased stability. Their properties and methods of 
preparation vary according as the carboxyl groups are united to one or to 
various carbon atoms. 

Of the many such acids known, the following may be mentioned : 

TRICARBALLYLIC ACID (symm. waco'-Propanetricarboxylic or Pentanedioic-3- 
methyloic Acid) CHg . COgH, occurs in the deposits left on concentrating beet-sugar juices 

CH • COM 

\ - 

CHj • COgH 

in vacuo. Synthetically it is obtained by converting glycerol into the tribro mo hydrin 
or allyl tribromide, which is treated with potassium cyanide to give the corresponding 
tricyano -compound, the latter being then hydrolysed to tricar ballylic acid; the con- 
stitution of the acid is thus proved. This acid forms white, prismatic crystals melting 
at 166°. It may also be prepared by reducing unsaturated tricarboxylic acids (e. g., aconitic 
acid). 

CO2H COgH COgH 

CAMPHORONIC ACID (aa^S-Trimethylcarballylic Acid), CHg • C C CHg 

CHg CHg 

is formed on oxidising camphor, of which it serves to indicate the constitution ; it melts 
at 135°. 

ACONITIC ACID is an unsaturated tribasic acid of the constitution CO^H ■ CH., • 
C(C02H) : CH • COgH, and is found in beetroot, sugar-cane, Aconitwn napellus, etc. It is 
obtained synthetically by eliminating COg^from citric acid by the action of heat or of 
various reagents. It melts at 191°, losing COg, and forming itaconic anhydride. It 
-dissolves readily in water and with nascent hydrogen generates tricarballylic acid, its 
structure being indicated by this reaction. 


D. TETRABASIC ACIDS 

These are formed from ethyl sodiomalonate {see p. 368) by means of an unsaturated 
ester, e. g., of fumaric acid. When heated, they lose COg, forming tribasic and, better, 
dibasic acids. 

Olefinetetracarboxylic Acids are also known. 
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FF. DERIVATIVES OF THE ACIDS 

I. HALOGEN DERIVATIVES 

One or more of the hydrogen atoms of an alkyl group united mth carboxyl 
may be replaced by halogens, the carboxyl group being left intact. The 
halogen derivatives of the acids, thus obtained, are more markedly acid in character 
than the original substances. They are obtained by the action of chlorine or 
bromine in sunlight or, better, by heating the acid \^dth the halogen in presence 
of a little water or sulphur. 

On the other hand, the hydroxyl of the carboxyl group may be replaced, 
forming acid halides : — CO — X (by treating the acid with phosphorus chloride 
or bromide). That the halogen has replaced the hydroxyl group is shown 
by the fact that these acid halides jdeld the original acids when treated with 
cold water, whilst halogens are not displaced from alkyl residues in this way. 
These acid chlorides and bromides readily give the monochloro- and mono- 
bromo- acids when treated further with chlorine or bromine. 

(a) HALOGENATED ACIDS 

When the carbon atom (a), to which the carboxyl group is attached, is 
not united directly with hydrogen [e. g., in trimethylacetic acid, (CH 3 ) 3 C * COgH], 
bromine is not taken up [see p. 375). The constitution of a halogenated acid, 
or rather the position of the halogen atom, is deduced from that of the corre- 
sponding hydroxy-acid (containing a hydroxyl group in place of the halogen) 
obtained by heating -the halogenated acid with sodium carbonate solution or 
with water and lead oxide. 

On the other hand, the passage from, hydroxy-acid to the corresponding 
halogenated acid may be effected by treatment with phosphorus chloride or 
bromide. 

The acid character becomes more marked on passing from the iodo- to the 
bromo- and then to the chloro-compounds, and also increases with the number 
of halogen atoms in the molecule. 

While the a-halogenated acids readily yield the corresponding hydroxy- 
acids, the ^-acids yield the corresponding unsaturated acids [see p. 352) and 
may even lose CQg, giving unsaturated hydrocarbons, but the y-halogenated 
acids, when heated with sodium carbonate -solution or with water alone, give 
up a molecule of halogen hydracid and yield, not the unsaturated acids, but 
lactones [see p. 355). 

When halogenated acids are prepared by the interaction of an unsaturated 
acid with a halogen hydracid (e. g., HI), the halogen becomes attached to the 
least hydrogenated carbon atom (see p. 116). Thus, with a Zl“^-acid, where 
the double linking is between the a- and /5-carbon atoms, the halogen unites 
with the latter! 

The halogenated and poly-halogenated acids exhibit isomerism, since the 
halogen atom may be joined to the a, y, etc., carbon atom, or several halogen 
atoms may be united with one and the same carbon atom or with different ones. 

When heated with potassium cyanide, the mono-haloid acids yield cyano- 
acids * 

CHaCl ■ COOK + KCN = KCl + CN ■ CHa • COOK. 

Potassium chloroacefcate Potassium cyanoacetate 

With sodium sulphite they give dibasic sulpho-acids, the sulphonic group 
of which is readily replaced by hydroxyl by boiling with alkali : 

NasSOg + Cl • CHa * COONa = NaCl + SOgNa • CHg • COONa 

Sodium sulphoacetate 

With reference to the affinities of the halogenated acids, see Note on p. 323. 
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MONOCHLORACETIC ACID {Chlorethanoic Acid), CH^Cl • COOH, is prepared by 
the general method, that is, by passing dry chlorine into hot acetic acid in presence of 
acetic anhydride, phosphorus, or sulphur (with 1 per cent, of sulphur, an 80 per cent, yield 
is obtained). It forms rhombic crystals which corrode the flesh and melt at 62°; on 
solidification an unstable modification is obtained which, for some time, melts at 52°; 
it boils at 186°. When heated with water or alkali it gives Hydroxyacetic Acid [glycollio 
acid), OH • CHg • COgH; with ammonia it yields Aminoacetic Acid {glycine or gly cocoll), 

The properties of the other halogenated acids are given in the Table on 
the preceding page. 

^ (6) ACID HALIDES 

Of these compounds the most impcirtant are the chlorides of the acid radicals, 
which are termed acicMorides or chloranhydrides. Although acetyl chloride, 
CHg • CO * Cl, is readily obtainable, it has not been found possible to prepare 
formyl chloride, H ■ GO * Cl, a mixture of GO + HCl being always obtained. 

These compounds are usually colourless liquids, which have pungent odours 
and fume strongly in the air, the moisture in the latter hberating hydrogen 
chloride. Their boiling-points are below those of the corresponding acids, and 
they distil without decomposing; the higher members are, however, solid 
and do not distil unchanged even in a vacuum. 

The principal methods for preparing these substances are as follows : 

{a) The organic acid is heated for a short time on the water-bath with 
PCI5 (with higher acids), PCI3 (with acids below C or, in some cases, sulphuryl 
chloride, SOgClg : 

CnH23 • CO * OH -f PCI5 = C11H23 * CO * Cl -f HCl + POCI3, 

Laurie acid 

the phosphorus oxychloride and hydrochloric acid being eliminated by dis- 
tillation in vacuo ; or, 

3CH3 • CO • OH -b 2PCI3 = aCHg • CO • Cl -f 3 HC 1 -f P^Og, 

the acetyl chloride thus formed being separated by distillation, while the PgOg 
is left in the residue. 

(6) With thionyl chloride the acids yield the chloranhydrides, the other 
products formed at the same time being volatile and hence easily removable : 
X • CO • OH + SOCI2 = X • CO • Cl + HCl + SO2. 

(c) In some cases the acid is treated simply with HCl in presence of a 
dehydrating agent, (P2O5) : CH3 * CO * OH -f HCl - HgO + CHg • CO • Cl. 

CHEMICAL PROPERTIES. The great reactivity of the chlorine atom 
of these substances renders them of considerable importance in chemical 
syntheses. Water, ammonia (amines), and alcohols decompose them in the 
cold with great violence : 

CH3 • CO ' Cl + H2O = HCl -b CH3 • CO • OH 

CH3 * CO • Cl -b NH3 = HCl + CHg * CO * XHg (acetamide) 

CHg • CO * Cl -b CgHg * OH = HCl -b CHg * CO * OCgHg (ethyl acetate). 

With organic salts they yield anhydrides : 

CHg • CO • Cl -b CH3 • CO • ONa = XaCl + CH3 • CO • 0 * CO * CHg. 

Sodium amalgam reduces them to aldehydes and then to alcohols. 

ACETYL CHLORIDE (Ethanoyl Chloride), CHg • CO ■ Cl, is a liquid boiling at 51° 
and having the sp. gr. M05 at 20°. It is prepared by mixing 5 parts of glacial acetic 
acid and 4 parts of phosphorus trichloride in the cold, heating for a short time at 40° and. 
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after evolution of HCl ceases, distilling the acetyl chloride and purifying it by rectification. 
Water decomposes it with development of heat. 

It is employed in organic synthesis, since it readily yields acetyl derivatives of alcohols 
and of primary and secondary amines. 

The commercial product costs Zs. to 4s. per kilo, and the chemically pure 145. 

The boiling-points of the higher homologues of acetyl chloride rise with the molecular 
weight and, with isomerides, that with the normal constitution has the highest boiling- 
point ; the specific gravity diminishes as the molecular weight increases. 

Acetyl iodide boils at 108°, propionyl chloride at 108° (the bromide at 104° and the 
iodide at 127°); normal hutyryl chloride boils at 101° (the bromide at 128° and the iodide 
at 146°) and isohutyryl chloride at 92° (the bromide at 116°); isovaleryl chloride boils at 
114° (the bromide at 143° and the iodide at 168°) and trimethylacetyl chloride, (CHgjgC-CO-Cl, 
at 106°. 


II. ANHYDRIDES 

The anhydrides of organic acids were discovered by C. Gerhardt in 1851 
and correspond with those of the inorganic acids, that is, they may be regarded 
as products of the condensation of 2 mols. of acid with expulsion of 1 mol. 
of water. Here also, the organic anhydrides, when they are at all soluble, 
take up water and regenerate the acids. With organic acids, however, more 
varied and interesting -cases are presented, since 2 mols. of different acids 
may condense [mixed anhydrides), while internal anhydrides may be formed by 
condensation between the two carboxyl groups of a dibasic acid: 

The anhydrides may be regarded also as oxides of acid radicals, e. g., acetic 

anhydride, . qq^G, or acetyl oxide, (CHg * COjgO. 

PROPERTIES. The first members of the series are liquid, the higher ones 
soHd ; they generally dissolve but slightly in water, their transformation into 
acids being very slow. They have a neutral reaction and are soluble in ether 
and often in alcohol. 

With ammonia and the primary and secondary amines, tl^ form amides 
and ammoniacal salts: (CH3C0)20 -j- 2ISFH3 = CHg • CQ ’'NHg (acetamide) 
-f CHg * CO * ONH4 (ammonium acetate). 

When heated with an alcohol, they give the corresponding ester and 
acid : 

(CH300)20 + C2H5 • OH = CH3 • COOC2H5 + CH3 • COOH. 

With halogen hydracids in the hot they yield the halides of the acids and 
the free acids : (CH3C0)20 + HCl = CHg * CO * Cl + CH3 • COOH. 

With the halogens they give acid halides and halogenated acids : (CH3C0)20 
+ CI2 = CHg • CO * Cl + CHgCl • COgH. 

Aldehydes combine with anhydrides, forming esters, while sodium amalgam 
reduces anhydrides to aldehydes and alcohols. 

GENERAL METHODS OF PREPARATION, [a) By the action of acid 
chlorides on the dry alkali salts of the corresponding acids : 

CHg • CO • Cl + CHg • COONa = NaCI + 

(6) The same result is obtained by the action of phosphorus oxychloride 
(or phosgene, COClg) on a mixture of the alkali and alkaline-earth salts of 
the corresponding acid, the acid chloride being formed as an intermediate 
product. 

(c) The higher anhydrides are ‘obtained from the corresponding acids by 
the action of acetyl chloride : 

CHg • COCl + 2X • COOH = HCl -f CHg • COOH + (X • 00)30. 
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{d) The formation of anhydrides from the acids by the subtraction of 
water (by means of P2^5) low yields, the best being obtained with 
palmitic and stearic acids (using acetic anhydride in the hot as dehydrating 
agent). 

The properties of the best-known anhydrides are given in the following 
Table : 


Formula 

Uame 

Melting- 

point 

Boiling-point 

Specific gravity 

(CHg -00)20 

Acetic anhydride . 



136-5° 

1-078 (at 21°) 

(C^Hs- 00)^0 

Propionic anhydride 


168-6° 

1-034 (at 0°) 

(GgH,. 00)^0 

norm. Butyric anhydride 

__ 

192° 

0-978 (at 12-5°) 

„ 

Isobutyric anhydride 

__ 

182° 

0-958 (at 16-5°) 

00)^0 

Isovaleric anhydride 

_ 

215° 

— 

JS 

Trimethylacetic anhydride 

— 

190° 

— 

(C5Hh.CO).,0 

norm. Caproic anhydride 

— 

242° 

0-928 (at 17°) 

-COljO 

QEnanthic anhydride 

+ 17° 

257° 

0-912 (at 17°) 

(C,Hi5- 00)^0 

Caprylic anhydride 

„ 10 

186° (15 mm.) 

— 

(CgHi,- 00)^0 

Pelargonic anhydride 

-h 16° 

1 207° „ 

— 

(0uH23-C0),0 

Laurie anhydride . 

+ 41° 

166° (vacuum) 

— 

(Ci3H,,-00),0 

Myristic anhydride . 

+ 51° 

198° 

— 

00)30 

Palmitic anhydride 

55°-66° 

__ 

— 

(C„H 33 -C 0)30 

Stearic anhydride . 

72° 

I — 

— 


ACETIC ANHYDRIDE (Ethanoic Anhydride), (CHg • C0)20, is of importance 
industrially owing to its use in many organic syntheses, as it readily gives acetyl derivatives 
with alcohols or with primary or secondary amines. It is a suitable reagent for determining 
how many hydroxyl groups an organic substance contains (see Acetyl Number, p. 224). 

The largest industrial consumption of acetic anhydride is for making acetylcellulose 
used for non-inflammable cinematograph films and for aeroplane dope ; its use for artificial 
silk is also anticipated {see: Textile fibres). Large quantities of the anhydride are 
likewise employed in making organic dyes, perfumes and drugs. 

It is a colourless, very mobile liquid, b.-pt. 139-5°, sp. gr. 1-078 at 21° and 1*0876 at 
15°, index of refraction 1-39069 at 15°; it has a pungent odour. 

It dissolves without alteration in 10 parts of cold water and is converted into acetic 
acid only when heated, the last portions only on prolonged boiling.^ 

It is prepared by dropping 5 parts of acetyl chloride on to 7 parts of dry powdered 
sodium acetate, which is kept cool meanwhile. The mixture is subsequently gently heated 
for a short time and the anhydride then distilled ofi on a sand-bath. 

The commonest method of preparing it industrially appears to be that utilising the 

^ Since commercial acetic anhydride often contains considerable proportions of acetic acid 
(10 to 25 per cent. ), determination of its strength by titration requires the following precautions : 
A weighed quantity (about 0-5 gram) of the anhydride is introduced into a flask containing 

100 c.c. of clear baryta water of Imown titre (corresponding, for example, with 94 c.c. of ~ HCl), 

the liquid being then boiled for about half an hour under a reflux condenser fitted with a soda- 
lime tube to prevent access of COg. It is then allowed to cool somewhat, the excess of baryta 
being rapidly titrated with decinormal hydrochloric acid in presence of a drop of phenolphthalein. 
Another method of hydrolysing the acetic anhydride consists in boiling it as above for forty-five 
minutes with at least 100 times its wright of freshly-boiled water (free from COJ ; the cold liquid 
is then titrated with decinormal caustic soda in presence of phenolphthalein. The acidity is 
calculated as though it were all due to acetic acid, the excess of the resulting percentage over 
100 being multiplied by 5-67 to give the percentage of acetic anhydride in the sample analysed ; 
subtraction of this number from 100 gives the percentage of acetic acid present. Thus, if the 
titration indicates 115-86 per cent, of acetic acid, the percentage of acetic anhydride will be 
15-86 X 5-67 — 89-92 and that of acetic acid, 100 — 89-92 = 10-08. 

Sulphurous anhydride present (rarely) as impurity is determined by means of iodine solution, 
sulphuric acid by barium chloride, and hydrochloric acid by decinormal silver nitrate solution 
wim potassium chromate as indicator. 




382 ORGANIC CHEMISTRY 

reaction between sodium acetate and sulphuryl chloride ^ {see Vo]. I., p. 330), which occurs 
in two phases : 

2 CH 3 • COgNa + SOgClg = Na2S04 + SCHg • CO • Cl 
CHg • CO • Cl + CHg • COgNa = NaCl + (CgHgO ) 20 . 

In practice rather more than the theoretical quantity of sodium acetate is used, and 
all the operations are carried out in closed vessels to prevent access of moisture and loss 
of sulphuryl chloride with its unpleasant odour. The sodium acetate should previously 
be dried at 140° to reduce the moisture content to 0-1 per cent., and the sulphuryl chloride 
used should distil to the extent of 92 per cent, between 68 ° and 69-5° and should have the 
sp. gr, 1-675. Tig. 253 represents a scheme for an acetic anhydride works : The sodium 
acetate is subjected to preliminary heating in 1 and is then dried completely in three 
vacuum vessels below (2d, 26, 2c), the suction pump being at 10 . The perfectly dry salt 
is distributed in several apparatus fitted with stirrers on the ground-floor {Ba-3g), the 
sulphuryl chloride being introduced from the tank 4 and measured in 4:Ct^g. In order 



that the temperature may not rise much, the sulphuryl chloride is fed gradually into each 
vessel, which is fitted with a small reflux condensing column. When the reaction is 
finished the different apparatus act as stiUs and are put into communication with the 
vacuum pump 10 through the collecting vessels 6ct~-6g and the condensers for the crude acetic 
anhydride, 5a-5g ; 7 is the general collecting tank for the crude product, which contains 
about 90 per cent, of the anhydride, the remainder being acetic acid, acetyl chloride, 
sulphur dioxide and other secondary products. The anhydride is purified by distillation 
in a vacuum over anhydrous sodium acetate, followed by vacuum rectification (by means 
of pump 11) in a continuous column apparatus, 9-9d; 0-3-1 per cent, of fuming nitric acid 
(U.S. Pat. 1,069,168, 1913) or ozonised air may be used in the purification. 

^ Of the numerous patents for the industrial preparation of acetic anhydride, the following 
may be mentioned : treatment of sodium or calcium acetate with either sulphuryl chloride or 
phosphorus oxychloride and COg, or a mixture of Cl and SO* (Ger. Pats. 161,882, 163,103, and 
167,304, 1905) ; treatment of sodium acetate at 200° with silicon tetrafluoride (Ger, Pats, 171,787 
and 171,146, 1906); Ger. Pats. 222,236 and 241,898 (Goldschmidt); Ger. Pats. 244,602 and 
273,101 (Afga,); Tr. Pat. 17,674, 1913, and Addition 448,342 (Dreyfus); action of SO, + COL 
on sodium or calcium acetate (IIS. Pat. 1,113,927, 1914). 




HYDROXY-ACIDS S83 

During tlie European War S 5 nithetic acetic acid factories were erected in Great Britain, 
France and Italy (see p. 339), these making acetic anhydride. 

Before the war the price of the anhydride in Germany was for large parcels £4~£5 per 
cwt., and for small amounts, up to £9; the chemically pure product cost £12. 

The anhydrides of di- and poly-basic acids are not of great importance and are con- 
sidered to some extent in dealing with the corresponding acids (succinic, pyrocinchonic, 
etc.); with water they yield the acids with moderate readiness {see pp. 365 and 375). 

III. HYDROXY-ACIDS 

A. SATURATED DIVALENT MONOBASIC ACIDS ‘ 

These may be regarded as derived from monobasic acids by the replacement 
o 5 an atom of hydrogen (not that of the carboxyl group) by a hydroxyl group. 
These acids possess, at the same time, acidic and alcoholic characters and 
are hence termed divalent monobasic acids or divalent alcohol acids. The 
hydroxyl and the carboxyl groups may be substituted at the same time, the 
compounds then exhibiting the general properties of the acids and alcohols, 
in addition to new and special characters varying with the position occupied 
by the carboxyl relatively to the hydroxyl {see pp. 355 and 357 ). 

They are usually syrups, which may undergo crystallisation ; in comparison 
with the corresponding fatty acids, the hydroxy-acids are more soluble in 
water and in alcohol, but less soluble in ether. They do not distil unchanged 
and often lose water, forming anhydrides. 

GENERAL METHODS OF PREPARATION, (a) By oxidising dihydric 
alcohols so as to transform the primary alcoholic group into carboxyl. 

(b) By boiling unsaturated acids with sodium hydroxide, so that a molecule 
of water is added at the double bond. 

(c) By substituting the halogen of a monohalogenated monobasic acid by 
hydroxyl; this is effected by treatment with KOH or with silver acetate, 
the diacetate formed in the latter case being hydrolysed by heating with 
sodium carbonate : 

CH2CI • COOH -h H2O = OH • CH2 * CO2H + HCl. 

Monochloracetic acid Glycollic acid 

(d) a-Hydroxy-acids are obtained by hydrolysing the nitriles formed on 
treating the aldehydes or ketones (having one atom of carbon less) with 
hydrocyanic acid : 

CH3 • CH<g® + 2H2O = NH3 + CH3 • CH(OH) • COOH. 

Ethylidenecyanoliydrin 

Glycolcyanohydrin, OH • CHg * CHg * ON, yields ethylenelactic acid, 
OH • CH2 • CH2 • COOH. 

(e) By the action of nitrous acid on amino-acids : 

COOH • CH2 * NH2 + NO • OH = H2O -f N2 + COOH * CHg • OH. 

Glycocoll 

(/) By reducing aldehydic or ketonic acids : 

CH3 • CO • COOH + Ha = CHg • CH{OH) • COOH. 

Pyruvic acid Lactic acid 

(y) By oxidation of acids containing a tertiary carbon atom, > CH * COOH, 
with permanganate. 

PROPERTIES AND CONSTITUTION. The constitutions of these acids 
can always be deduced from the syntheses indicated above. That they con- 
tain an alcoholic group is shown by the fact that the hydroxyhc hytogen 
may be replaced by an alkyl group, giving true non-hydrolysable ethers. Simi- 
larly the presence of a carboxyl group is shown by the formation of hydrolysable 
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esters. The isomerism exhibited is the same as with the haloid derivatives 
of the acids. 

The number of alcoholic hydroxyl groups is determined by the acetyl 
number {see p. 224). The reactivity, which corresponds with the dissociation 
constant, increases with the proximity of the hydroxyl to the carboxyl group. 

a-, /3-, 6-, and d-hydroxy-acids are distinguished also by the products 
resulting from the elimination of one or more molecules of water. 

Thus, <x-hydroxy-acids, when heated, lose 2 mols. of H 2 O per 2 mols, 
of acid, the hydroxyl group of the one reacting with the carboxyl group of 
the other ; the compound formed is called a lactide and is a double ester, which 
.yields the acid again on hydrolysis with hot water or dilute acid : 


COOH • OH(OH) • CH, 

= 2H2O + 

CH3 • CH(OH) • COOH 

2 mols. Lactic acid 


CO - CH • CH3 

I I 

O 0 


CHo-CH~CO 


Further, a-hydroxy-acids, if heated with sulphuric acid, yield the aldehydes 
or ketones from which they can originate [see above), formic acid being also 
formed. 

The /3-acids, however, lose only 1 mol. of water, giving unsaturated acids 
{see p. 352), while, when boiled with 10 per cent, potassium hydroxide solution, 
they give at the same time a^- and ay-unsaturated acids — a reversible reaction 
leading to a position of chemical equilibrium; when heated with sulphuric 
acid they form acids of the acryhc series. 

The y- and S -acids lose 1 mol. of water, yielding lactones (internal anhydrides): 


OH • CH2 • CHg • CHg • COOH = H^O + CHg * GE^ * CH^ • CO 

-y-Hydrosybutyric acid ! I 


0 


Butyrolactone 


which are almost always formed when attempts are made to liberate these 
hydroxy-acids from their salts. The lactones are neutral liquids soluble in 
water, alcohol, and ether; they distil unchanged and with alkali form the 
salts of the corresponding hydroxy-acids. 

When the hydroxy-acids are heated with hydrogen sulpliide, they furnish 
the corresponding fatty acids. ^ 


GLYCOLLIC ACID (Hydroxyacetic or Ethanoloic Acid), OH • CHg- COOH, crystal- 
lises in needles or plates melting at 80°, and is soluble in water, alcohol, or ether. In 
nature it is found in immature eggs and in the leaves of the wild vine. 

It may be obtained by the general methods given above and also by oxidising alcohol 
or glycol with dilute nitric acid or by reducing oxalic acid with nascent hydrogen.^ It is 
usually prepared by hydrolysing monochloracetic acid with KOH [general method (c)]. 

^ Of some interest is the foraiation of the various anhydrides of glycollic acid, these being 
formed by the removal of 1 mol. of HoO from 2 mols. of the acid as follows : 

(1) From the two alcohol groups, giving a true ether with two free acid groups, 

^*^011! • COOH’ acid, m.-pt. 148° ; (2) from the tw'o carboxyl groups ; this should give 

OTT • PIT • PO 

the anhydride of ghjcollic acid, qjj , ^ ^'q]> 0, which is not yet kno^vn ; (3) from one alcohol 

and one acid group, giving a true ester, glycolglycollic acid, 

from the two alcoholic and acidic group.s gives either (1 ) Diglycollic a 7 ihydride (anhydride and 
ether at the same time), (melting at 97° and boiling at 240°), or, when each 

molecule of water separates from 1 alcoholic and 1 acidic group, (2) the isomeric glycoUide, 
O<C0Q® melting at 86°. 
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According to Ger. Pats. 194,038 and 204,787, glycollic acid is now prepared industrially 
by reducing oxalic acid electrolytically in the following manner : The cathodic liquid 
consists of a solution of 7 parts of crystallised oxalic acid in 33 parts of water and 11 parts 
of concentrated sulphuric acid, while the anodic liquid, separated by means of a diaphragm, 
is 30^ per cent, sulphuric acid ; the electrodes are of lead and the current density 25-250 
amperes per sq. metre of cathode surface. According to Ger. Pat. 257,878 (1912) the acid 
may be prepared also by heating, for eight to nine hours at 175'’ to 200° in an autoclave fitted 
with a stirrer, about 30 parts of trichloroethylene, 50 parts of quicklime, and 250 parts of 
water, with traces of copper salts as catalyst ; with caustic soda the reaction is more rapid : 

C2HCI3 + 4NaOH = HgO + SNaCl + OH • CHg • COgNa. 

Glycollic acid is now used with advantage to replace tartaric acid in textile printing, 
as it has a greater solvent action on tannates of dyestuffs, which hence penetrate the fabric 
belter and give more stable colours without injuring the fibre. The ammonium salt of 
glycollic acid serves to fix dyes on wool, while the aluminium and tin salts are used in 
alizarin and alizarin orange printing (1914). 

Glycollic acid forms a calcium salt, (OH • CHg • COO)2Ca + 3H2O, insoluble in water. 
The most important derivative of glycollic acid is 

GLYCOCOLL (Glycine or Aminoacetic or Aminoethanoic Acid), COOH • CHg • NH^, 
which is the first member of the amino-acid series so important to vegetable physiology. 
It is obtained, together with secondary products, by the action of concentrated ammonia 
solution on monochloracetio acid : 


CHgCl • COOH + 2NH3 = NH4CI + ■ CHg • COOH. 

It is always formed in the decomposition of hippuric acid (benzoylgly cocoll) with HCl, 
or by the action of acid or alkali on gelatine. 

It may also be obtained by the reduction of ethyl cyanocarboxylate by means of nascent 
hydrogen or from cyanogen and boiling hydriodic acid. 

Its homologues are prepared synthetically in various ways, e. g., by treating aldehyde- 
ammonias with hydrocyanic acid and hydrolysing the amino -cyanides thus obtained 
with HCl. 

Glycocoll crystallises in rhombic columns soluble in 4 parts of water but insoluble 
in alcohol or ether ; it has a sweetish taste and melts and decomposes at 230°. 


The fact that the amino -group cannot be expelled by hydrolysis estabhshes 
the structure of glycocoll. It behaves as both acid and base, forming salts 
with acids and also with bases. Its copper salt separates in large, dark blue 
needles on dissolving cupric oxide in hot glycocoll solution : {C2H402N)2Cu -f- 
HgO. With ferric chloride it gives an intense red coloration. When heated 
with baryta, it loses COg, forming methylamine; with nitrous acid it gives 
glycollic acid. 

Various alkyl and other derivatives have been obtained synthetically from 
glycocoll : 


CH2 • NH • COCHo CH2 • NH • CH, 

I ; I 

COOH COOH 

Aceturic acid Sarcobine 

(derived from. cafEeine and from creatine) 


CH,-N(CH3)3 

I I 

CO — 0 

Betaine 
(from the beet) 


With nitrous acid, the esters of glycocoll yield ETHYL DIAZOACETATE 


NH2 • CH2 • COO • C2H5 + HNO2 = 2H2O + II >CH • COOC2H5, which is a 


yellow oil boiling at 141 ° and readily decomposes and reacts with evolution 
of nitrogen ; it serves for the synthesis of pyrazole. 


LACTIC ACIDS, OH . CgH^ . COgH 

The two structural isomerides foreseen by theory are known : a- and 
/ 3 -hydroxypropionic acids. Also the a-acid exists in two stereoisomeric 
VOL. IT. 25 



386 


ORGANIC CHEMISTRY 


forms {I = laevo- and d — dextro-rotatory) owing to the presence of an 
asymmetric carbon atom (p. 19) and in an inactive form {i = inactive), con- 
sisting of a mixture in equal proportions of the two stereoisomerides. These 
lactic acids form anhydrides similar to those of glycolhc acid {see ahove). 

The lactic acids give Uffelman’s reaction, that is, they cause the amethyst- 
coloured solution obtained on adding a drop of ferric chloride to a dilute salicylic 
acid solution to turn yellow ; this reaction is given also by citric, oxalic, and 
the tartaric acids. 

(1) i-ETHYLIDENELACTIC ACID {I + d) (2-Propanoloic or a-Hydroxy- 
propionic Acid or Ordinary Lactic Acid of Fermentation), CHg* CH(OH) • COOH, 
is found in milk rendered acid by the action of the lactic acid bacillus [see 
Fig. 116, p. 145), in milk-sugar (also cane- and grape-sugars, gum, starch, etc.) 
which undergoes acid fermentation (lactic fermentation) even in absence of 
air, although oxygen facilitates the change. Cabbage fermented with vinegar 
and salt (Sauerkraut), gastric juice, putrefied cheese, fresh fodder siloed, and 
fermented muscular juices and the brain ^ also contain free lactic acid. 

When pure it melts at 18° and boils at 120° under 12 mm. pressure, but 
usually it forms a dense S 3 U'up soluble in water, alcohol, or ether. It is opti- 
cally in'active, as it consists of a racemic mixture of dextro- and Isevo-acids 
{see p. 21). The two modifications may be separated by crystallisation 
of the strychnine salts or by cultivating in the solution Penicillium glaucum, 
which first destroys the laevo-acid {see p. 23). When heated, the active acid 
is transformed, to the extent of one-half, into the optical enantiomorph, so 
that the inactive racemic acid is obtained. If kept in a desiccator, it is partly 
converted into anhydride owing to loss of water. When distilled under reduced 
pressure, it yields water, carbon dioxide, and lactide {see ahove). If heated 
with dilute sulphuric acid it decomposes, like many other a-hydroxy-acids, 
into acetaldehyde and formic acid. 

PREPARATION. Of the various processes for the preparation of lactic acid,^ only 

^ It appears now to be proved that the lactic acid in the human organism is formed in 
proportion to the muscular and cerebral work, and, together with carbon dioxide, which is also 
a waste product of the cells of the organism during wakefulness, produces sleep. WTiile wo sleep, 
the blood carries off these waste products more easily, the cells then recovering their function 
and their sensibility. The connection between sleep and fatigue is well known, and is shown 
not only by the fact that after great muscular or cerebral fatigue sleep is more profound, but 
by the results of the following experiment ; if the blood of a very tired dog is injected into the 
veins of another dog in a normal state, this dog soon exhibits signs of great fatigue and goes to 
sleep ; these results are not observed if the blood injected is that of a non -fatigued dog. During 
heavy muscular labour, the air expired contains more COg than in a state of repose and more 
still than during sleep. The carbon dioxide diminishes the oxygen so much needed by the 
muscles and brain, so that the activity of these remains depressed. As is well known, lactic 
acid has a depressing action on the nervous cells, injection of the acid into the veins of any person 
inducing symptoms of fatigue and sleepiness and finally sleep. The continuance of sleep is duo 
to the fact that the blood flows more slowly to the brain, to which it hence carries loss oxygen. 
It appeps, indeed, to be proved that in general five or six hours’ sleep— -very deep for two 
hours — ^is sufficient for the blood to wash away these waste products of active cellular work and 
to restore activity to all the cerebral centres. 

2 Kiliani treats 500 grams of inverted sugar with 250 grams of water and 15 grams of sulphuric 
acid at 50° to 60° for two hours, and then adds gradually 400 c.c. of concentrated caustic soda 
solution (1:1), the liquid being kept boiling meanwhile. 

The soda is subsequently neutralised with 50 per cent, sulphuric acid and the solution left 
for twenty -four hours to deposit crystalline sodium sulphate. The lactic acid is extracted with 
alcohol — which does not dissolve the sulphate — the alcohol being recovered by distillation. 
The crude lactic acid remaining is diluted, saturated with zinc carbonate and evaporated ; 
the zinc lactate is then allowed to separate, and is filtered off, redissolvod in hot water and 
decomposed with HjS, After filtration, the liquid is concentrated m vacuo, pure lactic acid 
being thus obtained. 

Various other methods have been tried. For instance, 3 kilos of cane-sugar and 15 grams 
of tartaric acid are dissolved in 13 litres of boiling water. In a few days’ time, after the cane- 
sugar has been converted into glucose and levulose, 4 litres of acid milk -and 100 grams of putre- 
fied cheese (also T5 kilos of zinc carbonate to fix the lactic acid, which otherwise would arrest 
the lactic fermentation) are added and the mixture left for a week at a temperature of 40° to 
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that used industrially on a large scale mil be described, since for some years the manu- 
facture from whey has been abandoned owing to the low yields, the difi&culty of eliminating 
the salts and various organic compounds, and the facility with which contamination by 
butyric organisms occurs. 

Use is now always made of starchy materials, especially of potato starch, which is 
intimately mixed with two parts of cold water, the mixture being well stirred and treated 
with six parts of boiling water until a slightly opalescent liquid free from even the smallest 
lumps is obtained. The mass is cooled in a vat to 60° and treated with the diastase solution 
(green malt equal in amount to 15 per cent, of the weight of the starch is macerated and 
occasionally shaken during three hours with four times its weight of water at the ordinary 
temperature, the filtered liquid then containing the diastase); the saccharification of the 
starch is carried out at 55° to 60° and finally at 65°, until the iodine reaction for starch fails, 
lyjie wort thus obtained (see also : Manufacture of Alcohol, pp. 143, 201 ) is treated with 
50 per cent, of powdered calcium carbonate, 5 per cent, (on the weight of the starch) of 
sterilised skim milk and with wort (1 litre per 100 litres) from a vat in which a pure lactic 
acid organism (a little Bacillus Belhriiclci may be added) is actively developing. The 
temperature is kept at 40° to 50°, and the mass is vigorously mixed two or three times per 
day so that the lactic acid may be fixed by the calcium carbonate ; after a week crusts of 
calcium lactate begin to separate. The fermentation is continued for three to four days 
longer, until indeed a sample of the liquid, freed from chalk and carbonic acid, ceases to 
reduce Fehling’s solution {see later: Sugars). 

This fermentation consists solely of a decomposition, = 2C3HQO3, and is 

accompanied by neither generation of COg nor absorption of water. 

In the fermenting rooms the greatest cleanliness is necessary, in order to prevent 
infection with extraneous bacteria. If such infection (recognisable by the bad smell and 
by lack of the crystalline crusts of calcium lactate, so that fine granules of calcium carbonate 
alone are visible when the liquid is stirred) does occur in any vat, the contents of the 
latter should be boiled to sterilise it and the lactic fermentation again started at 55° to 60°. 

45°, by which means the maximum production of lactic acid is obtained. The acid separates 
as zinc lactate in ciystalline crusts which, after purification (by recrystalhsation), are suspended 
in water and decomposed with HaS in order to remove the zinc as insoluble sulphide. The 
filtered liquid is concentrated to a syrupy consistency and then extracted with ether, which does 
not dissolve the impurities (zinc salts, mannitol, etc.) ; on evaporation of the ether,- pure syrupy 
lactic acid is obtained. Besides the decomposition of the sugar, various secondary reactions’ 
always accompany lactic fermentation, and the yield of the acid is scarcely 20 per cent, of the 
weight of the sugar taken. 

A better yield is, however, obtained by Larrieu’s process (Fr. Pat. 206,506), which consists 
in treating starch paste with malt and hot water (as in the ordinary industrial process). 

Jacquemin prepares the acid from worts similar to those employed in breweries (barley 
mashed at 50° with malt, then boiled to destroy the diastase and cooled to 46°) by the addition 
of pure lactic ferment and calcium carbonate. After five to six days, the mash is filtered and 
concentrated, the calcium lactate being then decomposed in the usual way with sulphuric acid. 

Dreher works in a similar manner, but with glucose solutions containing 1 per cent, of nutrient 
substances for the ferment (e. g., sodium phosphate, nitre, salt, etc.). 

Industrially, however, lactic acid was formerly always obtained from milk residues {wTiey 
or molasses of 'milk-sugar, which remain after the removal of the butter from the milk in the 
separator; also cheese by coagulation with rennet in the hot). The whey is concentrated in 
open vessels or, better, in vacuum pans, to 16° B5., and is then introduced into wooden vessels 
in which, at a temperature of 40°, the lactic ferment is added in the form either of part of the 
liquid from a previous fermentation or of putrefied cheese. Powdered chalk is added to neutralise 
the acid formed, the liquid being stirred from time to time and the fermentation allowed to 
continue for ten to twelve days. After decantation, the calcium lactate is decomposed with dilute 
sulphuric acid, the liquid mass being weU mixed, and the iron separated if necessary by means 
of potassium ferrocyanide. In some cases, before the calcium lactate is decomposed, it is 
separated by concentrating the solution, and is recrystaUised from a little hot water, which 
should dissolve 20 per cent, of it, and then treated as usual with dilute sulphuric acid. The 
calcium sulphate formed is removed by passing the mass through a filter-press {see figure in the 
section on Sugar) and the clear lactic acid solution concentrated in a double- or triple-efiect 
apparatus until it attains a concentration of 50 per cent. The further sm^ali quantity of gypsum 
which is then deposited is separated by filtration, the resulting yellowish-brown liquid repre- 
senting commercial, crude, 50 per cent, (by weight) lactic acid. This should not contain more 
than 1-5 per cent, of ash, and should not contain sulphate or reduce Fehling’s solution. 

The lactic acid prepared from the molasses of milk-sugar factories is more impure than the 
above. 

Lactic acid is also obtained (1905) from a mixture of bran and barley. 
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At the end of the fermentation the liquid is rendered alkaline by addition of milk of 
lime, boiled with decolorising charcoal, and filtered hot through filter-presses, the calcium 
lactate crystallising out on cooling (in some factories the calcium lactate solution is decom- 
posed directly by means of sulphuric acid, the liquid being boiled with charcoal and potas- 
sium ferro cyanide — to expel iron — ^fiiltered and boiled to syrupy lactic acid). The calcium 
lactate crystals are collected in a vacuum-filter, the mother-liquors being reconcentrated 
and the crystals, dissolved in boiling water, treated with pure sulphuric acid until the 
liquid colours Congo red paper deep violet (showing excess of mineral acid) and filtered to 
remove the calcium sulphate. The colourless liquid is concentrated in a vacuum apparatus 
(lead-lined or enamelled) to a strength of 60 per cent. The wash- waters from the calcium 
sulphate serve for making the milk of lime. From 100 kilos of starch 1B5 kilos of com- 
mercial 50 per cent, lactic acid is obtainable, but this contains also other organic acids 
and at 200° leaves a residue of 5 to 6 per cent. ; with further purification the yield diminishes 
If the heating is too prolonged duiing the concentration, lactide is formed to some extent. 

Very pure lactic acid is obtained by extracting the crude product with ether or amyl 
alcohol — ^which does not dissolve the impurities (sugar, gum, mineral substances) — and 
steam-distilling in vacuo. 

An English patent (No. 26,415, 1907) describes the preparation of pure, concentrated 
lactic acid by the distillation of the commercial 50 per cent, acid in a rapid current of air 
or of an indifferent gas. 

In some cases purification is effected by crystallisation of the zinc salt. 

USES. Until a few years ago the uses of lactic acid were limited to the preparation 
of soluble lactates for medicinal purposes, but its manufacture has recently been con- 
siderably extended owing to its employment in the dyeing of wool, silk, etc., in place of 
tartaric acid, tartar and oxalic acid for the reduction of the chromium compounds with 
which wool to be treated with fast dyes (alizarin dyes, etc.) is mordanted. For the same 
reasons it is advantageously employed in the chrome tanning of skins, its value in this 
case being sometimes regarded as due to its ability to keep calcium salts in solution and 
thus prevent the formation of certain white harmful deposits. 

The crude 50 per cent, acid is most commonly sold, and it is necessary to ascertain 
whether by 50 per cent, is meant 50 kilos per 100 litres or per 100 kilos of solution; in the 
former case the strength of the acid is only 43 per cent, by weight {%. e., 100 kilos contain 
43 -kilos of acid). 

Commercial, brown, 50 per cent, lactic acid cost about 32s. per cwt. before the war ; 
the paler, yellow product of the same strength, 52s. ; the pure (sp. gr. T21 ), 3s. Id. per kilo, 
and the chemically pure, 12s. per kilo. 

Before the war importation of lactic acid into Italy was subject to a duty of 6s. per 
cwt. The amounts of the Italian imports and exports are as follows (tons) ; 
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— 
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Before the war Germany exported the following quantities of lactic acid and 
lactates : 


1909 1910 1911 1912 1913 


Tons . . . 1044 1278 1807 1771 2049 


Salts of Lactic Acid are generally soluble to some extent in water. Calcium lactate, 
+ bHgO, forms mammiUary aggregates of white needles soluble in 9-5 parts 
of cold water, and in all proportions in boiling water ; it is insoluble in cold alcohol. The 
water of crystallisation is evolved in a vacuum desiccator or on heating to i00°. At 250° 
it loses HgO, giving calcium dilactaie, which is less soluble in alcohol than the original salt. 

Calcium lactopJiosphate, obtained by neutralising lactic acid with gelatinous calcium 
phosphate, dissolves to some extent in water and is used for treating rickets and diseases 
of the hones. Ferrous lactate, (C 3 H 503 ) 2 Fe -f SHgO, is obtained by treating boiling aqueous 
calcium lactate solution with ferrous cMoride solution, greenish-yellow crystals separating 
on cooling ; it is used in medicine. Zinc lactate crystallises with BH^O. 
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ALANINE, CHg • CH{NH 2 ) * COOH, is obtained from the corresponding aldehyde- 
ammonia by the action of hydrocyanic acid. From the inactive, synthetic compound, 
the active stereoisomerides are separated by means of the strychnine or brucine salts. 
The action of PClg expels both the hydroxyl- and the amino-groups, giving lactyl chloride, 
CHg • CHCl • COGl, which gives n-chlorpropionic acid, CHg * CHCl • COOH, when treated 
with water, 

(2) d-ETHYLIDENELACTIC ACID (Paralactic or Sarcolactic Acid) differs froin 
ordinary lactic acid only in the greater solubility of its zinc salt (-f SHgO ), and the less 
solubility of its calcium salt (+ 4 H 2 O). It is found in Liebig’s extract of meat, and it is 
contained in the muscular juices, and is also formed in certain lactic fermentations. 

(3) Z-ETHYLIDENELACTIC ACID is formed during the fermentation of aqueous 
cane-sugar solutions by Bacillus acidi Imvolactici. 

"" (4) ETHYLENELACTIC ACID (Hydracrylic, jS-Hydroxypropionic or 3-Propanoloic 
Acid), OH • CHg ■ CHg • COOH, differs from its isomerides in that, when heated, it loses a 
molecule of water, giving, not the anhydride, but acrylic acid, CHg : CH • COgH. Further, 
with oxidising agents it gives, not acetic acid, but oxalic acid and carbon dioxide. It con- 
tains no asymmetric carbon atom and is hence optically inactive. It may be prepared 
synthetically from (1) yd-iodopropionic acid, or (2) ethylene, CHg: CHg, by addition of 
hypochlorous acid, giving OH • CHg • CHgCl, which is then converted into the nitrile 
OH • CHg • CHg • CN, hydrolysis of the latter giving ethylenelactio acid. The acid is a 
colourless, syrupy liquid and forms a calcium salt (4- 2 H 2 O) and a readily soluble zinc 
salt (+ 4 H 2 O). 

HYDROXYBUTYRIC ACIDS, OH • CgHg • COgH 

Five isomerides are theoretically possible, four being known : two a-acids, one ^-acid, 
and one y-acid (prepared only as salts). 

a-HYDROXYBUTYRIC ACID, CHg • CHg • CH(OH) • COgH, melts at 43® and is syn- 
thesised as the inactive, racemic form, which may be resolved into its active components 
by means of brucine {see p. 23). 

a-HYDROXYISOBUTYRIC ACID (Acetonic or 2-Methyl-2-propanoloic Acid), 
OH • C(CH 3)2 . COgH, melts at 79°, boils at 212°, and is obtainable by various synthetical 
methods from dimethylacetic acid, acetocyano hydrin, a-aminobutyric acid, etc. 

^-HYDROXYBUTYRIC ACID, CHg • CH(OH) • CHg • COgH, is obtained by oxidising 
aldol or reducing acetoacetic acid, these methods of formation indicating its constitution. 
It forms a syrup and its Isevo-isomeride is found in the blood and in. diabetic urine. 

HIGHER HYDROXY-ACIDS 

a-HYDROXYVALERIC ACID, CHg • CHg ‘ CHg • CH(OH) • COgH, melts at 29°. 

a-HYDROXYISOVALERIC ACID, (CHglgCH • CH(OH) • COgH, melts at 86°. 

ptT QTT 

METHYLETHYLGLYCOLLIC ACID, c h>^<COH’ “eltsat68°. 

a-HYDROXYCAPROIC ACID (Leucinichcid), CH, • [CHjla ■ CH(OH) ■ CO^H, melts 

at 73° and is obtained from leucine {see later). 

a-HYDROXYMYRISTIC ACID, CHg • [CHg]^ • CH(OH) • COgH, melts at 51°. 

a-HYDROXYPALMITIC ACID, CHg . [CHgl^g . CH(OH) • COgH, melts at 82°. 

a-HYDROXYSTEARIC ACID, CHg • [CHgl^g • CH(OH) • COgH, melts at 84° to 86°, 
and is formed by the action of cold concentrated sulphuric acid on oleic acid, this method 
being sometimes used practically to prepare solid fatty acids from liquid oleic acid {see 
section on Fats). 

The Sulphuric Ether of a-Hydroxystearic Acid, CigHg-OglOSOgH), is used in the 
dyeing of cotton with Turkey-red {see below). 

Various other /5-hydroxystearic and dihydroxystearic acids, with melting-points higher 
than those of the liquid fatty acids which yield them, are also known. 

B. MONOBASIC UNSATURATED HYDROXY-ACIDS 

The a-Hydroxyolefinecarboxylic Acids are prepared hy hydrolysing, with HCl in the 
cold, the nitriles obtained by the addition of hydrogen cyanide to olefinic aldehydes. 
If the double linking (A) is in the ;8y-position, these hydroxy-acids are converted info 
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y-ketocarboxylic acids when boiled with dilute HCl; thus, ts-hydroxypentenoic acid, 
CHg • CH : OH • CH(OH) * CO^H, yields levulinic acid, CHg • CO • CH^ • CHg • COgH. 

Several /3-Hydroxyolefinecarboxylic Acids are known. The most simple is /?- 
hydfoxyacrylic or formylacetic acid, CO^H * CH : CH • OH, which, like the others, readily 
forms esters and halogen derivatives. 

y- and S-Hydroxyolefinecarboxylic Acids are known mostly in the form of lactones 
i^e pp. 355 and 384). 

RICINOLEIC ACID (Hydroxyoleic Acid), C^gH 3403 , or CHg • [CHglg • CHlOHlg 
CHg • CH : CH • [CHgl^ * COgH, constitutes, inthe form of glyceride, the greater proportion 
of castor oil, and, on dry distillation under reduced pressure, decomposes into cenanthal- 
dehyde, C^H^^O, and undecylenic acid, C^^HgoOg. It solidifies at — 6° and melts at 
4- 4°, It forms lead and barium salts soluble in ether, and, when fused with KOH, yields 
sebacic acid, CgH4g(C02H)2, and sec. octyl alcohol. It forms a solid bromide and an oily 
ozonide (by the addition of ozone) which decomposes, giving, among other products, a 
large proportion of azelaic acid (Molinari and Caldana, 1909), the position of the double 
linking — established by Goldsobel (1894) by means of ricinostearolio acid — being thus 
confirmed. By nitrous acid it is transformed into the isomeric ricinelaidmic acid, melting 
at 53'^. By decomposing the ozonide of methyl ricinoleate, Haller and Brochet (1910) 
obtained ^-liydroxypelargonic acid, CHg • [CHgjg ' CH(OH) * COgH, azelaic acid and the 
corresponding semi-aldehyde.^ 

By treating castor oil slowly with cold, concentrated sulphuric acid, ricinosulplmric 
acid is obtained, this being the most important constituent of Turkey-red oil, which is 
used in large quantities in the dyeing and printing of cotton textiles with alizarin red 
{Adrianople red).^ It is also used for greasing wool to be spun and for di’essing textiles. 

^ Ricinoleic Acid was prepared pure by Krafit (1888) by hydrolysing castor oil, the fatty 
acids thus obtained being cooled at 0° and the solid acids separated by squeezing (at 10°). The 
dry lead or barium salt was then prepared and extracted with ether, wHch leaves undissolved 
the last traces of the salts of the solid fatty acids ; the salt of ricinoleic acid is dissolved and 
gives the pure acid. 

With concentrated sulphuric acid, the acid gives (Benedikt and Ulzer, 1887 ; Juillard, 1894 
and 1895; Chonowsky, 1909, and especially Ad. Griin, 1906 and 1909) ncinoleinsul'phonic acid 
^17032(0 • SOgH) * CO 2 H; by hot water this acid is hydrolysed with separation of sulphuric 
acid and formation of a condensed ester {ricinoleinricinoUic ester), C]_ 7 H 32 (OH) • CO • 0 • Ci 7 H 32 • 
CO 2 H, the condensation taking place between the carbo:^! group of one molecule and the 
hydroxyl of another; only one acetyl group is introduced into the molecule of this compound 
by the action of acetic anhydride. Various isomeric condensed anhydrides of dihydroxystearic 
acids are also easily prepared : these are solid and have the constitution Ci 7 H 33 (OH )2 • CO ■ 
0 • Ci 7 H 33 (OH) • CO 2 H (4 isomerides) and may be converted into the corresponding dihydroxy- 
stearic acids. One of the latter melts at 90° and is optically active ([a]D = + 6*45°), two melt 
at 69*5° and 108° respectively and are inactive, while the fourth melts at 126° and is actii'e; 
the positions of the two hydroxyl groups seem to be 9 and 12, or 10 and 12 (for those with the 
higher melting-points). 

The action of sulphuric acid on olive oil partly decomposes the triolein into glycerol and 
oleic acid and partly transforms it only into diolein. To some extent the double linking of 
oleic acid fixes HoO and forms hydroxystearic acid, which is partly converted into the sulphuric 
ester of 1 : 10 -dihydroxystearic acid. Besides free ricinoleic acid, undecomposed glycerides 
and glycerol, Turkey -red oil contains (according to Juillard), the sulphuric ester of ricinoleic 
acid, dihydroxystearic acid and the two corresponding mono- and di-sulphuric esters, as well as 
diricinoleic acid and other polymerides (up to pentaricinoleic acid). 

The phenomenon of polymerisation is, indeed, of great importance as regards the effects 
produced in practice by the sulphoricinate. 

^ Turkey-Red Oil (or sulphoricinate) is prepared by treating castor oil — in an open, douhlc- 
hottomed, iron vessel furnished with a stirrer — with 20 per cent, (in summer) or 25 per cent, 
(in winter) of concentrated sulphuric acid (66° Be.), which is added veiy slowly during five or 
even eight hours, so that the temperature of the mass never exceeds 35°; if these precautions 
are neglected, SOg is evolved. When necessary, the temperature is moderated by passing 
cold w'ater through the jacket. The mixture is left for some hours until a small portion is 
f ound_ to be soluble in water. The mass is then discharged into a wooden vat containing a 
quantity of sodium chloride or sulphate equal to that of the oil treated. After mixing, the 
liquid is allow’^ed to stand for some hours, the excess of acid (10 to 12 per cent, is fixed in the 
sulphoricinate) being next removed by decanting the aqueous portion and w’ashing the remainder 
in the same manner and afterwards with two successive quantities of water half saturated with 
common salt; sufficient concentrated ammonia or sodium hydroxide solution is then added to 
give a neutral (or amphoteric) reaction. The quantity and concentration of the alkali to bo 
added are determined by a preliminary test on a small portion, which gives also the content 
in fatty acids of the commercial ricinate. It is usually a clear, yellowish solution, which gives 
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The treatment of castor oil with concentrated sulphuric acid yields ricinoleic acid 
more or less polymerised or condensed into anhydrides, glyeerolsulphuric esters of ricinoleic 
acid and a preponderating proportion of ricinosulphuric acid, which is an ester of sulphuric 
acid soluble in water : • OH + HgSO^ = H^O + • 0 • SOgH. This acid 

is separated from water by addition of salt or dilute mineral acid in the cold ; it is only 
slightly soluble in ether, and its calcium, lead, etc., salts are insoluble in water. Hicino- 
sulphuric acid is not decomposed in the hot by water or dilute alkali, but it decomposes 
readily into sulphuric and ricinoleic acids when boiled with dilute hydrochloric or sulphuric 
acid. By using an excess of concentrated sulphuric acid, Griin (1907) obtained 9: 12- 
dihydroxystearic acid. Kicinosulphuric acid or its sodium or ammonium salt is of 
importance in Turkey-red oil, since, when the latter is diluted with water, it serves to 
l^ep in a state of solution the castor oil or other unaltered oil always found in greater or 
larger quantity in Turkey-red oil. 

Treatment of olive oil or oleic acid with sulphuric acid yields hydroxystearosulphuric 
acid, which is saturated, C^gH 3402 (oleic acid) -f C^gHg^Og • 0 • SOgH; so that 

the iodine number may be used to distinguish true sulphoricinates from saturated ones, 
which are unable to undergo those characteristic oxidations necessary to dyeing operations. 
With an excess of sulphuric acid, hydroxystearosulphuric acid takes up a molecule of 
water, yielding sulphuric acid and hydroxystearic acid (saturated), C^^gHg-Og • OH. 

C. POLYVALENT MONOBASIC HYDROXY-ACIDS 

These are derived from polyhydric alcohols by the oxidation of one primary 
alcoholic group to carboxyl, the other two or more alcoholic groups remaining 
unaltered ; they exhibit behaviour analogous to that of lactic acid. The number 
of the hydroxyls is deduced from the acetyl number [see p. 224). These acids, 
which are gelatinous and crystallise with difficulty, are sometimes obtained 
by the gradual oxidation of saccharine substances or of unsaturated acids. 


a clear solution when diluted with 2 to 4 vols. of water and a milky emulsion when mixed with 
5 to 6 vols. of water or with dilute alkali. 

The commonest strengths are 40, 50, and 60 per cent, of total fat (liberated from the alkali ), 
which is estimated by Herbig's method (1906); 10 grams of the sulphoricinate are dissolved 
in 50 c.c. of hot water, 25 c.c. of dilute HCl being then added and the solution boiled for four or 
five minutes, during which time it is kept stirred to avoid spurting. It is next cooled (and, 
if desired, the volume of the washed fatty acids may be measured in a burette) and extracted 
in a separating funnel with 200 c.c. of ether, which is washed vith three separate quantities 
of 15 to 20 c.c. of water. The ether is distilled off from a tared flask, the fat being heated over 
a naked flame and shaken for a couple of minutes, dried at 105° for half an hour and weighed. 
When neutral, not sulphonated, fats are present, they are determined by treating 30 grams of 
the sulphoricinate with 50 c.c. of water, 20 c.c. of ammonia, and 30 c.c. of glycerol, the whole 
being extracted with ether, which is washed with water and evaporated in a taxed dish., To 
ascertain if the sulphoricinate is the ammonium or sodium compound, tests are made for these 
bases in the wash -water separated in estimating the total fat; the ammonia is estimated by 
heating with excess of alkali and collecting the ammonia in a standard solution of sulphuric 
acid, while the soda is determined by evaporating to dryness, calcining the residue and weighing 
as sodium sulphate. 

If the sulphoricinate were not prepared from castor oil (inferior products are obtained from 
olive oil with a larger amount of sulphuric acid), it will give a turbid solution in alcohol, while 
the acetvl number (seep. 224) of the total fati& only 5 to 10 (for olive oil), that of true sulphoricinate 
being usually 140 and always above 125. Turther, the iodine number of the acids of true 
sulphoricinate is never lower than 68 to 70, whilst with other oils it is decidedly lower than 
70. In the Zeiss oleorefractometer the fatty acids of pure sulphoricinate give a reading of 74. 

The complete analysis of a good sulphoricinate gave 58 per cent, of total fat (composed 
of 47 per cent, of insoluble fatty acids, 1-5 per cent, of neutral fats, and 9-5 per cent, of fatty 
sulpho-acids soluble in water), 1’8 per cent, of ammonia, and 4-6 per cent, of sulphuric acid. 
In true sulphoricinates, however, the ratio of sulphuric to sulphoricinic acid should be not 
4-6 : 9*5, but rather 4*6 : 22, and the sulphuric acid as sodium or ammonium sulphate should not 
exceed 0*2 to 0-3 per cent. The soluble sulpho-acids are estimated by treating 10 grams of the 
total fatty acids with (not more than) 10 c.c. of ether and 30 c.c. of saturated sodium chloride 
solution free from sulphates ; the mixture is shaken and filtered through a moist filter, the 
sulpho-acids in the filtrate being precipitated with barium chloride. 

The price of Turkey -red oil is based on its content of total fat and is usually about lOd. per 
unit of fat per 100 kilos of sulphoricinate. This content is often determined in a graduated 
burette, by decomposing a given quantity of the sulphoricinate with sulphuric acid, diluting 
with water and measuring, in the burette, the fat which rises to the surface after some hours. 
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GLYCERIC ACID (a/3-Dihydroxypropionic or Propandioloic Acid), OH • CH^ • CH 
(OH) • COgH, obtained by oxidising glycerol with nitric acid, exists in optically active 
forms, ^ and is soluble in alcohol, water, or acetone (which does not dissolve glycerol).^ 
As has already been mentioned, dihydroxy stearic acid, C]gH3402(0H)2, is formed by oxidising 
oleic acid. 

ERYTHRIC ACID (Butantrioloic Acid), OH ' CHg* [CH(OH)]2: COgH, is formed on 
gentle oxidation of fructose or erythritol, and is monobasic and tetra valent. 

Of the pentavalent monobasic acids, four pentonic or pentantetroloic isomerides, 
04H5(0B[)4 • CO2H, are known, namely : Arabonic acid (by oxidising arabinose) is Isevo- 
rotatory (■— 73-9°), melts at 89° and yields a lactone, CgHgO^, m.-pt. 95° to 98°, when its 
solution is evaporated. d-Ardbo7iic acid (-f- 73*7°) melts at 98°; l-ribonic acid yields a 
lactone, m.-pt. 72° to 76°. l-Xylonic acid is formed by prolonged treatment of 1-xylose 
with bromine water ; if heated with pyridine it is converted into d-Jyxonic acid, the lacto^ne 
of which melts at 162°. 

The group of saccharinic acids comprises a number of tetraliydroxype^iia^icarboxylic 
acids, which are readily transformed into lactones termed saccharins (not to be confused 
with the saccharin of the aromatic series). 

Saccharinic or hexantetroloic acid, C5Hy(OH)4- CO2H, is obtained by treating glucose 
or fructose with lime, while iso- and meta- saccharinic acids are also known in the free state 
and para- saccharinic acid as salts. The corresponding lactones are : 

CO- -0 

1. Saccharin, CHg • (il(OH) • CH(OH) • (jH • CHg • OH, m.-pt. 160°, has a bitter taste. 

CO 0 

1 I 

2. Isosaccharin, OH • CHg ♦ (i)(0H) • CHg • CiH • CHg • OH, melts at 95°. 

CO 0 

3. Metasaccharin, OH • CJH • CHg • C3H • CH(OH) • CHg • OH, melts at 141°. 

CO 0 

I I 

4. Parasaccharin, OH • CH2 • CH(OH) • C(OH) • CH2- CH2, is a syrupy liquid. 

These lactones are distinguished by the different products they form on oxidation with 
nitric acid or hydrogen peroxide. 

The hexonic acids or hexanpentoloic acids, C-Hg(OH)5* CO2H, are known in some cases 
only as lactones and are obtained by reduction of the corresponding dibasic acids (saccharic 
acid, etc. ) or by gentle oxidation (with bromine water ) of the corresponding sugars (hexoscs ), 
to which they are closely related : 


Mannose, GgH^g^S’ 

yields 77ianno7iic acid, CqHj 2^7- 

Galactose „ 

„ galactonic „ ,, 

Glucose „ 

„ gluconic „ „ 

Gulose „ 

„ giilonic „ „ 

Idose „ 

„ ido7iic „ „ 

Talose „ 

„ talonic „ „ 


These acids may be obtained synthetically by hydrolysing the nitriles {see pp. 237 and 
320) of the simpler sugars (pentoses). 

^ Trom the racemic form, the Isevo-modification may be obtained by fermenting the 
ammonium salt with Penicillium glamum, and the dextro-form by the direct action of Bacilhis 
ethacetic'us, 

^ It forms a calcium salt, (C3H504)2Ca + 2H2O, soluble in water, whilst the lead salt is 
^ soluble in cold water. Among the derivatives of this acid are serme, OH • GH., • 
OHiJNlla) ■ COgH, which, being an amino -derivative, has a neutral reaction and forms salts with 
both acids and bases ; it ispbtained by boiling silk-gum with dilute sulphuric acid and is soluble 
in water but insoluble in alcohol or ether. 

higher dcriyatiyes are (1) ornithine {aS-diaminovaleric acid), NHg • CH., • CHg * 
Gi±_3 • GH(HH2) ■ GOgH, which is formed on decomposition of arginine, contained in <^crminating 
lupins, and (2) lysine, or a^-diaminocaproic acid, NKg ■ [CHgL ■ CHlNHg) • COJi, which is 
oDcained on docompo.dng casein or glue with hydrochloric acid. 
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Further, the hexonic acids yield the sugars on reduction, or the dibasic acids on oxidation 
with nitric acid. 

These acids may be separated one from another by the phenyihydrazine reaction; 
all of them have the same constitution, but they differ in the spacial arrangement of the 
groups composing the molecule, since they are stereoisomerides containing various 
asymmetric carbon atoms : 

OH • CHg • CH(OH) . CH(OH) • CH(OH) • CH(OH) • CO^H, 

and for each of these acids, except talonic, the dextro- [d), laevo- (Z), and inactive (i) forms 
are known. 

Some of these stereoisomeric forms are transformed into others simply by the action of 
pyridine and a little water (e. g., d-mannonic acid gives d-gluconic acid and vice versa), and 
t 3 e inactive forms are resolved into their active constituents by means of the strychnine 
salts {see p. 23 ). 

The HEPTONIC ACIDS are also derived from the corresponding sugars, the heptoses 
(see later), e. g., rJiamnohexonic acid, CgHg{OH)5 - CO2H, from rhamnose ; glucoTieptonic acid, 
CqE^{OB.)^ * COgH, etc. 

D. MONOBASIC ALDEHYDIC ACIDS 
(and Aldehydic Alcohols and Dialdehydes) 

GLYOXYLIC or ETHANOLOIC ACID, CO^H • CHO + H^O, gives up the molecule 
of water with which it is combined without decomposing, and may be regarded as having 
a structure similar to that of chloral hydrate, COgH • CH(OH)2; the salts also correspond 
with this formula, although they retain the aldehydic character. It occurs widespread 
in nature in sour fruit (gooseberries, etc.), and is obtained synthetically by heating 
dibromoacetic acid, COgH • CHBrg, with water, by reducing oxalic acid electrolyticaUy, 
or by oxidising ethyl alcohol with nitric acid. It crystallises with difficulty, dissolves in 
water and distils in steam. 

FORMYLACETIC ACID (Semi-aldehyde of Malonic Acid), COgH • CHg • CHO, is 
obtained as acetal from the acetal of acrolein. The isomeric jS-hydroxyacrylic acid 
Qiydroxymetliylerieacetic acid), CO2H * CH : CH • OH, is also known, and is obtained as ester 
by a synthesis similar to that of ethyl acetoacetate {see p. 369 ). It condenses readily 
to trimesic acid, CgH3(C02H)3. 

GLYCURO'NIC ACID, CO2H • [CH(OH)]^ • CHO, is obtained by reducing saccharic 
acid, and, as lactone, melts at 175 °. 

GLYCOLLIC ALDEHYDE (Ethanolal), OH - CHg • CHO, is obtained by the action of 
baryta water on bromoacetaldehyde in the cold. It is known only in aq^ueous solution and 
may be regarded as the simplest member of the sugar group, of which it gives all the 
reactions ; it reduces Fehling’s solution, even in the cold. When oxidised with bromine 
water it gives glycoUic acid, whilst in presence of dilute alkali it condenses, forming tetrose. 
If heated in a vacuum, it condenses to a syrup, which retains the reducing character. With 
phenyihydrazine acetate it yields glyoxal phenylosazone. 

GLYCERALDEHYDE, OH • CHg • CH(OH) • CHO, is obtained together with dihy- 
droxyacetone (as glycerose) by oxidising lead glycerate with bromine, or by hydrolysis 
of its acetal. On condensation, it gives acrose. 

ALDOL, CHg • CH(OH) • CHg • CHO {see p. 245 ), which belongs to this group of com- 
pounds, forms a dense oil soluble in water. 

GLYOXAL (Ethandial), CHO • CHO, is the dialdehyde of glycol, and hence combines 
with 2 mols. of bisulphite [C2H.202(S03HNa)2 + HgO] or hydrocyanic acid. It is formed, 
together with glycoUic acid, by gentle oxidation of acetaldehyde with nitric acid. It forms 
a white mass which is soluble in alcohol or ether and absorbs water with avid-ity. Even 
in the cold, alkalis transform it into glycoUic acid, CHO • CHO + HgO = OH • CHg • COgH. 

CH • NHv /NH • CH 

With concentrated ammonia, it gives glycosine, || ^C • C^ || » which is con- 

CH — — CH 
CH-NH^ 

. verted to a large extent into glyoxaline {imimzole), || 
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E. MONOBASIC KETONIC ACIDS 
(and Keto-alcohols, Diketones and Keto -aldehydes) 

Ketonic acids show all the general reactions of acids — i. e., of the carboxyl 
group (p. 321 ) — and of ketones — i. e., of the carbonyl group, CO (p. 243 ). Their 
constitution may be deduced from the various syntheses and from the known 
constitution of the hydroxy-acids derived from them on reduction. 

Interesting behaviour is shown by the esters of the ^-ketonic acids, which, 
owing to the mobility of a hydrogen atom adjacent to the carbonyl, reacts 
sometimes in the ketonic form and sometimes in the isomeric enolic form, 
which represents an unsaturated, tertiary alcohol : 

CHg • CO • CHa • • C(OH) : CH • CO^C^Hg. 

Ethyl acetoacetate (keto-form) Ethyl hydrosyorotonate (enol-form) 

The enolic form is stable only as derivatives, e. g., the acetyl-derivatives, 
CHg • C(0 * CO * GHg) : CH • COgCgHg, these derivatives being the more stable 
the more negative the residues introduced in the direction of the carboxyl. 

This phenomenon is tautomerism or pseudoisomerism {see p. 18). 

If the a-carbon atom, adjacent to the carbonyl, has one of its hydrogen 
atoms replaced by an alkyl ^oup, thus, CHg • CO * CHR * COgCgHg, the pheno- 
menon of tautomerism is still observed, but this ceases to be the case when 
both these hydrogen atoms are replaced, as in CHg • CO * CRg * COgCgHs. The 
mobile hydrogen causing the' tautomerism is solely that situate between two 
carbonyls (1:3 diketones) : 

— CO — CHg — CO — =T — C(OH): CH-CO — 

so that such behaviour is not shown by acetylformic acid, CHg * CO -COaH; 
diacetyl, CHg • CO * CO • CHg ; acetonylacetone,CH 3 * CO * CH, • CH. • CO ' CH, ; 
levulinic acid, CHg ■ CO * CHg • CHg • COgH, etc. 

The tautomeric forms may be distinguished and are stable in the crystalline 
state, even near the melting-point ; the reciprocal transformation is continuous 
and very rapid in either the fused or dissolved state, the two forms finally 
attaining proportions varying with the conditions (especially temperature 
and nature of solvent). If separation of the two forms by means of a reagent 
is attempted, the ec^uilibrium is displaced and the second tautomeric form 
is transformed into the one which has reacted, so that the mixture behaves 
as a single substance, unless two reagents are used which act with equal 
velocities on the two forms giving different, sej^arable compounds ; syntheses 
with ethyl chlorocarbonate appear to correspond with these conditions, which 
are, however, not easy to obtain.^ 


^ Knorr and Kurt Meyer (1911) have succeeded in separating the two components of a 
tautomeric mixture by cooling to a very low temperature a solution of the mixture in a suitable 
^ i concentrated alcoholic solution of ethyl acetoacetate deposits crystals 

'whereas the enolic isomeride, i. e., ethyl hydroxy crotonate, CHg • C(OH) : 
tJl • OUa^Hg, remains in solution). Another method of separation consists in cooling to — 78® 
a suspension of ethyl sodioacetoacetate in methyl ether, adding insufficient HCl to combine 
with the sodium, filtenng the undissolved sodium salt and rapidly evaporating the solution 
S® hydroxycrotonic ester remains free from the ketonic compound, 
i he two pure isomendes thus separated maybe mixed in different proportions, and comparison 
of the molecular refractions {see p. 18) with that of the ordinary ethyl acetoacetate shows that the 
latter represents a dynamic equilibrium between 98 per cent, of the ketonic and 2 per cent, 
nr With this system it is possible to follow the velocity of transformation 

or the displacement of the equilibrium by the action of a catalyst or of heat. An analogous 

m^hnl "’rw mixtures {see p. 18) of acetyldibenz^l- 

methane, CHg ■ CO • CH(CO • 03115 ) 2 , tnbenzoylmethane, CH(CO-CrHr)« ethvl diacetvl- 

~CO . 0#;. cacnf beiLoyte?a?i 

™ determined accurately the percentage of enolic com- 

doublt S mixture by titration with bromine, since in solution at 0 ® the 

double linking of the enolic form fixes two atoms of bromine in a few seconds, the almost pure 
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When separated, the two forms may be readily distinguished, since the 
enol gives an intense coloration wdth ferric chloride, with which the ketone 
does not react. After some days, however, the coloration 3aelded by the former 
becomes paler, while a colour also appears in the mixture of ketone and ferric 
chloride, a condition of equilibrium between the two forms being slowly arrived 
at in each case. Sometimes the enolic form remains unchanged for a long time 
in chloroform solution, although when dissolved in alcohol it is transformed 
more or less completely into the ketonic form in the course of a few days. 

The enolic form — which is soluble in alkali, whereas the ketone is insoluble 
— gives (like all compounds containing a double bond) a greater dispersion and 
refraction of light, and also a greater electromagnetic rotation of the plane of 
poturisation,^ than the corresponding isomerides without double bonds. 

METHODS OF PREPARATION. Ketonic acids are formed by gentle 
oxidation of secondary hydroxy-acids; thus, lactic acid gives p3n:uvic acid, 
CH3 • CH(OH) • COgH + 0 = H2O + CH3 • CO • CO2H. 

The a-ketonic acids are usually obtained by hydrolysing the nitriles, this 
reaction indicating the constitution : 

CH3 • CO • CN + 2H2O = NH3 -f CH3 • CO • COgH. 

Acetyl cyanide - PyruTic acid 

/3 -Ketonic acids are obtained as esters by the action of sodium or sodium 
ethoxide on ethyl acetate or its homologues {see the Ethyl Malonate Synthesis, 
p. 369), thus : 

/ONa 

CH3 • CO2C2H5 + C2H5 • ONa = CHg • C^OCsHg 

Ethyl acetate Sodium ethoxide ^002015 

/ONa 

CH3 • cf OC2H5 + CH3 • COAH5 = 

\0C3H5 

2C2H5 ■ OH + CH3 • C(ONa) ; CH • CO3C2H5. 

Ethyl sodioacetoacetate 

Acetic acid then readily expels the sodium and liberates ethyl acetoacetate, 
which has not the enolic but the ketonic constitution, CHg • CO * CHg ‘ COgCgHj. 
The total reaction is hence as follows : 

CHg • CO2C2H5 + CHg • CO2C2H5 = C2H5 • OH -f CHg * CO • CH2 • CO2C2H5. 

Similarly diketones are obtained by the interaction of ethyl acetate and 
simple ketones in presence of sodium ethoxide : 

CHg • CO2C2H5 + CHg • CO • CHg = CgHg • OH + CHg ' CO • CHg • CO • CHg. 

This ethyl acetate synthesis has been largely used to prepare compounds 
of most varied characters. Ethyl formate acts similarly, giving hydroxy- 

ketonic form being then extractable by means of hexane or petroleum ether (in this Tvay ethyl 


acetoacetate of 98- 5 per cent, purity is extracted ). By this means antJimnol, 


,rnay 


be separated and distinguished from anthrone. 



(see Aromatic series). 


1 Polarised light passes unchanged through a tube containing an inactive liquid, but if 
the tube is surrounded by a wire through which an electric current passes, the plane of polarisa- 
tion is deviated, and, under equal conditions of temperature and current, the deviation is greater 
for a compound with a double bond than for the isomeride without such a bond. 
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metliylene deriyatives [containing the group — C(OH) = ], which are isomeric 
with the keto-aldehydes : 

CHg • CO • CH3 + H • GO2C2H5 = C3H5 • OH + OH • CH : CH • CO • CH3. 

Acetone Ethyl formate Hydroxymethyleneacetone 

y-Ketonic acids are obtained by the ketonic decomposition (see later) of 
the products of reaction of ethyl sodioacetoacetate with esters of a-halogenated 
acids : 

CH3 • CO • CHNa • CO2C2H5 + R • CHI • = 

Nal + CH3 • CO • °2C2H5 — ^ ^ ^ 

CO2 + C2H5 • OH + CHg' Co“ CH, • CHR • CO2C2H5. 

y ^ “ a 

Properties of Ketonic Acids. While the a- and y-ketonic acids are stable, 
the / 3 -acids readily lose CO2, giving the corresponding ketones. Reduction 
of y-ketonic acids yields, not hydroxy-acids, but y-lactones. 

As we saw was the case with malonic acid (see p. 369 ), the esters of / 3 - 
ketonic acids contain a hydrogen atom readily replaceable by metals, e. g,, 
ethyl sodioacetoacetate, CHg * CO • CHNa * CO2C2H5. 

Further, ketonic acids readily form condensation products ; with * aniline 
they give quinoMnes; with phenylhydrazine, pyrazoles, etc. 

PYRUVIC ACID, CH3-C0-C02H, is obtained by the dry disthlation of 
tartaric or racemic acid, an intermediate product in the reaction being possibly 
glyceric acid (formed by loss of COg), which then loses water and yields pyruvic 
acid. It is formed also by oxidising lactic acid with permanganate or by 
hydrolysing acetyl cyanide. Pyruvic acid is a liquid with an odour of acetic 
acid and of meat-extract, and is soluble in water, alcohol, or ether. It boils 
at 166 ° and solidifies at 9 °. It is a more energetic acid than propionic owing 
to the presence of a carbonyl group in close proximity to the carboxyl. Its 
constitution is indicated by the fact that with nascent hydrogen it gives 
ethylidenelactic acid. It readily forms condensation products (e. g., benzenes ; 
and with ammonia, pyridine compounds). When heated at 150 ° with dilute 
sulphuric acid, it loses COg, forming acetaldehyde. Electrolysis of a con- 
centrated solution of potassium pyruvate results in the union of the anion 
of the acid, CHg • CO ■ COO^ with the ion OH', cyanogen and acetic acid being 
formed ; at the same time two anions combine with loss of 2CO2 and formation 
of diacetyl, CHg * CO ’ CO ’ CHg. This represents the general behaviour of 
potassium salts of ketonic acids on hydrolysis. 

Of interest is its conversion into ethyl alcohol and also into acetaldehyde 
and CO2 by enzyme action {see Note, p. 136 ). 

Of the derivatives, cysteine (a-amino-^-thiolactic acid), SH • CHg * CH(NH2)’ 
CO2H, and cystine, the corresponding disulphide, may be mentioned. 

a-Ketohutyric acid, CHg • CHg ' CO • GOgH, has no special importance. 

ACETOACETIC ACID (^-Ketobutyric acid), CHg • CO * CH2 : COgH, is 
obtained in the free state by cautious hydrolysis of its ester, and forms an 
extremely acid liquid soluble in water, in which it gives a red coloration with 
ferric chloride ; when heated, it readily Joses COg with production of acetone. 

ETHYL ACETOACETATE, CHg • CO • CHg ' CO2C2H5, is of far greater 
importance than the free acid, owing to the very varied syntheses in wliich 
it finds application. This ester is obtained in the form of its crystalline 
sodium derivative by the action of sodium and alcohol (sodium ethoxide) 
on ethyl acetate [see above). 

Ethyl acetoacetate (freed from sodium by means of acetic acid) is a liquid 
having a pleasant, fruity odour, and dissolves readily in alcohol or ether and 
slightly in water, in which it gives a red coloration with ferric chloride. It 
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has a neutral reaction and the sp. gr. 1-030 ; it boils at 181 ° and is found in 
diabetic urine, TV hen boiled with dilute alkali or dilute sulphuric acid, it 
undergoes ketonic decomposition, forming COg, acetone and alcohol : 

CHg • CO • CHg ’ COgCgHs + HgO = COg + CgH^ * OH + CHg • CO • CHg. 

With concentrated alcoholic potassium hydroxide, it undergoes acid 
decomposition, producing 2 mols. of acetic acid : 

CHg • CO • CHg • COgCgHg + 2H2O = C2H5 • OH -f 2CH3 • COgH. 

Its great reactivity is due to the readiness with which one of the hydrogen 
atoms is replaceable by metals (Ba, Al, Zn, Ag, Cu, etc., in ammoniacal solu- 
tion), especially by sodium. Ethyl sodioacetoacetate, CHg ■ CO • CHHa • COgCgHg, 
is a white solid soluble in water, while ethyl acetoacetate is soluble in alkali, 
from which it is reprecipitated by acids. The sodium is readily replaced by 
different alkyl groups by the action of the corresponding alkyl iodides [see 
the analogous syntheses with Ethyl Malonate, p. 369 ). Since the compounds 
thus obtained can be subjected to either acid or ketonic decomposition, it will 
readily be seen how very varied acids and ketones may be obtained by means 
of ethyl acetoacetate. For instance, the action of normal octyl iodide on 
ethyl sodioacetoacetate yields methyl nonyl ketone, a constituent of oil of rue : 

CHg • CO • CHJSTa • COgCgHg CHgl • [CHg]^ • CHg = 

mn-cH.-co -00.0,1^' 

this compound, by ketonic decomposition, giving methyl nonyl ketone, winch 
must hence have the normal structure, CHg ‘ CO • CHg * [CHg]^ * CHg. 

Further, by eliminating the sodium from ethyl sodioacetoacetate by means 
of iodine, the two residues combine, forming ethyl diacetylsuccinate : 

2CH3 • CO • CHHa * COgCgHg + Ig = 2NaI -f CHg • CO ■ CH • COgCgH^ 

CHg • CO • CH • COgCgHs 

and this ester, on ketonic decomposition (boiling with 20 per cent, potassium 
carbonate solution), reacts with 2H2O and gives 2CO2, 2C2H5 * OH and acetonyl- 
acetone, CHg • CO * CHg ■ CHg • CO • CHg, which has a normal carbon-atom chain 

4 3 2 1 

and is a 1 : 4 diketone. 

Ethyl acetoacetate also combines with formaldehyde (in presence of 
diethylamine), with acetone and with ammonia; with aniline it gives di- 
phenylcarbamide. With one or two mols. of sulphuryl, chloride it gives ethyl 
chloracetoacetate (b.-pt. 194 °, sp. gr. 1*19 at 14 °) or ethyl dichloracetoacetate, 
CHa • CO * CCI9 COpCgHg which boils at 206 ° and has the sp. gr. 1*293 at 16 ° 


LEVULI'NIC ACID, CHg • CO ’ CHg • CHg • COgH, is obtained synthetically by the acid 
decomposition of the product of reaction of ethyl acetoacetate and ethyl chloracetate. 
It may be prepared by boiling hexoses, cane-sugar, cellulose, gum, starch, etc., with 
concentrated hydrochloric acid. 

It melts at 33° and boils at 239° with slight decomposition, or at 144° under 12 mm. 
pressure. 

It is sometimes used in the printing of textiles. 


KETO-ALCOHOLS 

ACETONEALCOHOL or ACETYLCARBINOL (Propanolone), CHg • CO • CHg • OH, 
is formed by heating either grape-sugar with fused potassium hydroxide or a mono -halo - 
genated acetone with barium carbonate. It is a liquid which boils almost unchanged at 
147° and reduces Fehling’s solution even in the cold. 
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DIHYDROXYACETONE or GLYCEROSE, OH • CH.^ • CO . CH^ • OH, is formed 
together with glyceraldehyde by oxidising glycerol with nitric acid. It has a sweet taste 
and may indeed be regarded as a triose sugar. It crystallises in coloui’less plates and 
reduces Fehling’s solution in the cold. 

BUTAN-2-OL-3-ONE (Dimethylacetol), CHg • CO • CH(OH) • CHg, also reduces 
Fehling’s solution and is obtained by reducing diacetyl. It is a liquid soluble in water 
and boils at 142°. 

The higher homologue, acetoisopropyl alcohol, CHg • CO • CHg • CH(OH) • CHg, b.-pt. 
177°, is also known and is formed by the condensation (by means of alkali) of aldehyde 
with acetone. Removal of water from this compound yields Ethylideneacetone, 
CHg • CO • OH : CH • CHg, boiling at 122°. 

DIKETONES 

Ail diketones give mono- and di-oximes, and mono- and di-hydrazones, the latter (as 
with the aldehydes) bearing the name of osazones and being usually yellow. They often 
exhibit tautomerism and give rise to various cyclic condensation products. 

DIACETYL or a-DIKETOBUTANE (Butandione), CHg • CO • CO • CHg, is prepared by 
the general method for diketones, namely, by treating methyl ethyl ketone, CHg • CO • CgHg, 
with amyl nitrite and a little HCl, the CHg group being transformed into — C : NOH, giving 
an isonitrosolcetone, thus : 

CHg • CO • CHg . CHg -f NOg . CgHji ^ CHg • CO • C • CHg 

N-OH; 

when boiled with dilute sulphuric acid, this compound loses the hydroxyiminic group (as 
hydroxylamine), the diketone remaining. 

It is a yellow liquid which has a penetrating odour, dissolves in water and boils at 88°, 
giving yellowish-green vapour (sp. gr. 0-973 at 20°). With hydrogen peroxide, diacetyl 
is converted quantitatively into 2 mols. of acetic acid : 

CHg . CO • CO - CHg H- HgOg = 2CH3 • COgH. 

CHg-C:N-OH 

DIMETHYLGLYOXIME (Diacetyldioxime), | , forms shining, white 

CHg - C : N • OH 

crystals, m.-pt. 234-5°, insoluble in water, but soluble in alcohol or ether. It is 
obtained by shaking 50 grams of methyl acetoacetate in the cold with a solution of 30 grams 
of NaOH in 750 grams of water, allowing to stand for twelve hours, and adding 25 grams 
of sodium nitrite and a little methyl orange ; to the mass, cooled with ice, 30 per cent, 
sulphuric acid is gradually added until the yellow coloration changes to reddish. Three 
hours later an aqueous solution of 25 grams of hydroxylamine hydrochloride is added, 
and sufficient soda crystals to render the reaction alkaline. The dimethylglyoxime crystals 
separating are collected on a suction-filter, washed with water and dried (yield 55 per cent, 
of the ester used). 

Dimethylglyoxime is the most sensitive reagent for ferrous salts, but is now used more 
especially for the quantitative separation of nickel from cobalt, since in neutral or 
ammoniacal solution a 1 per cent, alcoholic solution of the oxime precipitates nickel, but 
not cobalt or other metals. 

Prior to the war it cost £5 ^s. per kilo. 

ACETYLACETONE, CHg • CO • CHg * CO • CHg. The best general method for pre- 
paring 1 : 3-diketones consists in treating an ester with sodium ethoxide : 

/ONa 

E - COgCgHg + CgHg - ONa = R * c(- OCgHg ; 

\OCgHg 

this compound, when treated with a ketone, R' • CO - CH., loses 2 mols. of alcohol and yields 
.ONa 

^ > from which the sodium is expelled by a dilute acid. This enolic form 

. ^CH • COR^ 
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.OH 

— , readily passes into the ketonic form, —CO — CHg—, thus giving the 
compound R • CO • CHg ■ CO ■ R'. 

Another general method for obtaining 1 ; 3*diketones consists in treating the sodium 
derivatives of acetylene homologues with an acid chloride and then acting on the acetylenic 
product with sulphuric acid, so that it combines with water : 


CHg • [CE^\ • C i ClsTa + CHg • CO • Cl = NaCl + CH3 • [CHg]^ • C i C • CO • CH3; 

Amylacetylene Acetyl chloride 

the latter + H^O ^ CHg ■ [CHJ^ • CO • CH^ • CO • CHg. 

As in ethyl acetoacetate and ethyl malonate, the two hydrogen atoms of the methylene 
gropp between the two carbonyl groups are here also replaceable by metals, giving volatile 
compounds which are soluble in chloroform, benzene, etc., and differ from true salts, their 
solutions exhibiting very slight electrical conductivity. 

Acetylacetone has a pleasant odour and boils at 137°. When boiled with water it 
yields acetone and acetic acid. 

ACETQ'NYL ACETONE (y-Diketohexane or Hexa-2 : 5-dione), CHg • CO • CHg -CHg ■ 
CO • CHg, is obtained by ketonic decomposition of the product of interaction of ethyl 
acetoacetate and ethyl chloracetate [see also Levulinic Acid); it boils at 194° and has an 
agreeable smell. 

KETO-ALDEHYDES AND HYDROXYMETHYLENEKETONES 

PYRUVIC ALDEHYDE (Methylglyoxal or Propanolone), CHg • CO • CHO, is a 
volatile oil obtained by decomposing its oxime (isonitroso acetone) with dilute acid {see 
Diacetyl). 

ACETOACET ALDEHYDE, CHg • CO • CHg • CHO, was formerly thought to have been 
obtained in the free state, but more exact study has now shown the compound in question 
to be the unsaturated isomeride, HYDROXYMETHYLENE ACETONE, CHg • CO • CH : 
CH • OH, which has an acid character and is obtained by the interaction of acetone and 
ethyl formate in presence of sodium ethoxide {see Ethyl Acetoacetate). It boils at 100° 
and readily condenses into 1:3: 5-triacetylbenzene, CgH3(CO * CH3)3. 

LEVULINALDEHYDE (Pentanal-4-one), CHg • CO • CHg • CHg • CHO, boils at 187°. 
It is obtained as a decomposition product of the ozonide of rubber {q. v.). 

F. POLYVALENT DIBASIC HYDROXY-ACIDS AND THEIR 
DERIVATIVES 

TARTRONIC ACID (Hydroxymalonic or Propanoldioic Acid), COgH • 
CH(OH) • CO 2 H, is formed by the spontaneous decomposition of nitrotartaric 
acid and is obtained synthetically by oxidising glycerol with potassium per- 
manganate, by eliminating bromine from bromomalonic acid by the action of 
moist silver oxide, or by reducing Mesoxalic Acid, C0(C02H)2. It crystallises 
with l-HgO and melts at 184°, losing COg and forming polyglycollides. It is 
soluble in water, alcohol, or ether. 

MALIC ACID (Hydroxysuccinic or Butanoldioic Acid), COgH ’ CH(OH) * 
CHg • COgH, occurs in abundance in unripe fruits (apples, grapes, quinces, 
and sorb-apples, from which it is extracted). Its crystals melt at 100° and 
it dissolves in water or alcohol and, to a slight extent, in ether. When 
subjected to dry distillation, it gives fumaric acid and maleic anhydride. 
tS 3 mtheticaily it is obtained from maleic or fumaric acid or asparagine, 
and also by the action of moist silver oxide on bromosuccinic acid, and by 
the reduction of tartaric acid by means of hydriodic acid. 

. As it contains an asymmetric carbon atom, malic acid forms three optically 
different stereoisomerides, all of wliich are known. Natural malic acid is Isevo- 
rotatory, that derived from d-tartaric acid dextro-rotatory, and that obtained 
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by other syntheses inactive but resolvable into active components by fractional 
crystallisation of the cinchonine salt. 

It gives an acid calcium salt readily soluble, and a normal salt slightly 
soluble in water. The presence of the alcoholic group is proved by the 
formation of acetylmalic acid (see p. 224), 

For the amido-derivatives, asparagine, etc., see later. 

Of the higher homologues of malic acid, the following are known : Four 
isomeric acids, C3H-(0H)(C02H)2 (o-- and ^-hydroxyglvtaric acids, itamalic 
and citramalic acids); diaterebinic acid, C5Hg(0H)(C02H)2, which readily 
forms a lactone, and terebinic acid, 

TARTARIC ACIDS, CO2H * CH(OH) * CH(OH) • COgH 

These are dibasic and tetra valent, as they contain two secondary alcoholic 
groups. The presence of two asymmetric carbon atoms leads to the existence 
of four stereoisomerides, which have already been considered on pp. 20-21 : 
(1) ordinary or d-tartaric acid; (2) ^tartaric acid; (3) racemic or para- or 
di-tartaric acid; (4) i- or meso- or anti-tartaric acid. 

They are obtained synthetically from dibromosuccinic acid, COgH * CHBr 
• CHBr • COgH, and moist silver oxide, from glyoxal cyanohydrin, from 
glyoxylic acid by reduction, from mannitol by oxidation with nitric acid, and 
from fumaric or maleic acid by oxidation. 

(1) d-TARTARIC ACID. This is the ordinary tartaric acid,' which occurs 
abundantly as such, and as monopotassium tartrate (tartar) in many fruits 
— especially in the grape, and hence in wine, from which it is extracted in a 
manner to be described. 

Dextro-rotatory tartaric acid forms hemimorphic, monoclinic prisms vdth 
a decided and pleasant acid taste. It is readily soluble in water or alcohol 
and almost insoluble in ether. One hundred parts of water dissolve 114 parts 
of the acid at 0^ 125-7 at 10^ 139-4 at 20°, 156*2 at 30°, 176 at 40°, 195 at 
50°, 217-5 at 60°, 243*6 at 70°, 273-3 at 80°, 306*5 at 90°, and 343*3 at 100°. 
The acid melts at 170°, giving rise to various anhydrides and to pyru\uc and 
pyrotartaric acids; ultimately it carbonises with an odour of burnt bread 
or, if the temperature is raised considerably, of burnt sugar. 

Energetic oxidising agents convert it into tartronic acid or dihydroxy- 
tartaric acid and finally into formic acid, carbon dioxide, etc. In the hot, 
it reduces ammoniacal silver solutions [see p. 413 for a sensitive reaction for 
tartaric acid). Certain bacteria transform it into succinic acid. When 
burned, tartaric acid and tartrates emit an odour of burnt bread, thus differing 
from citric acid and citrates, which give a pungent odour. Even in the hot, 
it resists the action of sulphuric acid of 62° Be. 

Owing to the presence of alcoholic groups, tartaric acid, like glycerol, 
hinders the precipitation by alkali of many metallic oxides, e. g., of cupric 
oxide in FeliUngs solution (containing caustic soda, copper sulphate, and 
sodium potassium tartrate; see Sugar Analysis), the intensely blue, soluble 
COgNa * CH * Ov 

compound, | yCu, being formed; this compound is not pre- 

CO2K * CH • 0'^ 

cipitable by alkalis, since the copper no longer functions as cation but is 
— O-CO-CH-0^ 

contained in the anion, x, which migrates to the positive 

0 • CO • CH ‘ Q 

pole or anode when the salt is electrolysed. 

Tartaric acid is used in dyeing, in the wine industry, in the preparation 
of aerated beverages (lemonade), in medicine, etc. 
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The following salts of tartaric acid may be mentioned, acid potassium 
tartrate being considered more in detail later. 

ACID POTASSIUM TARTRATE (Cream of Tartar), CO^H • CH(OH)- CH(OH) • 
COgK, is slightly soluble in water or in dilute alcohol, and has a pleasant acid taste. For 
its commercial preparation, see Tartar Industry. 

NORMAL POTASSIUM TARTRATE, C^H^OgH^ + l-HgO, is readily soluble in water 
and separates from highly concentrated solutions in monoclinic prisms. One hundred grams 
dissolves in 75 grams of water at 2°, in 66 grams at 14°, in 63 grams at 23°, or in 47 grams 
at 64°. 

SODIUM POTASSIUM TARTRATE (Rochelle Salt), C^H^OgNaK -f- ^H^O, is pre- 
pared by neutralising cream of tartar solution with sodium carbonate. Copper and iron, 
present as impurities, are removed by means of hydrogen sulphide, the solution being then 
heated with good animal -charcoal, filtered, concentrated and allowed to crystallise ; the 
Rochelle salt separates in thick columns readily soluble in water and slightly so in alcohol. 
One hundred grams of the crystallised salt dissolves in 170 grams of water at 6°. It is 
used to reduce silver salts in the silvering of mirrors and also for medicinal purposes and 
to prepare Fehling’s solution. It costs about 725. per cwt. 

CALCIUM TARTRATE, C^H^OgCa + IH^O, occurs ready formed in the grape and 
in senna leaves. The crystallised salt (1 part) dissolves in 352 parts of boiling water or 
in 6265 parts at 15°. It is readily soluble in cold sodium hydroxide solution, from which 
it separates in the hot as a white jelly, to be redissolved on cooling. It dissolves in acetic 
acid, thus differing from calcium oxalate. It is soluble also in alkali tartrates and in 
ammonium salts. The crystalline tartrate loses part of its water of crystallisation at 60°, 
15 per cent, at 110°, and the whole at 130°. 

TARTAR EMETIC (or Potassium Antimonyl Tartrate), C^H^OglSbOlK + JH^O, is 
prepared by precipitating SbOCl from a solution of SbClg by means of water, boiling the 
precipitate with soda solution and dissolving the SbgOg thus formed in a solution of four 
or five times its weight of potassium hydrogen tartrate in 50 parts of water. After filtra- 
tion and concentration the solution deposits, on cooling, efflorescent, trimetric pyramids, 
which are soluble in water (1 : 13 at 20°, 1 : 6 at 50°) but insoluble in alcohol. At 100° 
it loses its water of crystallisation and at 220° the double molecule loses water of constitution 
and gives 2KSbC4H2O0. It is poisonous and is used in medicine as an emetic and in dyeing 
cotton as a mordant for basic dyes (price about £4 16s. per cwt.). Germany imported 
202 tons in 1908 and 391 in 1909, the respective exports being 1030 and 1090 tons in the 
two years. 

(2) /-TARTARIC ACID differs from the d-acid only in the opposite sign of its rotation 
and in the opposed hemihedry of its crystals. Mixing of the concentrated aq[ueous solu- 
tions of the two acids results in development of heat and the formation of inactive tartaric 
acid. 

(3) RACEMIC ACID (Paratartaric Acid), (C^HgOg)^^ 2H2O, represents a mixture of 
dextro- and Isevo -tartaric acids in equal proportions, and is hence optically inactive [see 
p. 21 ). When heated alone or, better, in presence of concentrated caustic soda solution, 
either the d-acid or the meso-acid {see later) is transformed into racemic acid. The latter 
is obtained from the mother-liquors of ordinary d-tartaric acid. The molecular weight, 
determined cryoscopically or from the vapour densities of the esters, corresponds with 
the simple molecule, C^HgOg. It forms triclinic crystals which effloresce in the air, 
and is less soluble than the active acids. From sodium ammonium racemate crystals, 
(C4H40g)2Na2(NH4)2+2H20, Pasteur separated those showing dextro- from those 
showing Itevo -hemihedry, thus resolving racemic acid into its optically active constituents. 
Only in the crystalline state is the molecule of racemic acid regarded as double that of 
tartaric acid, whilst in dilute aqueous solution it is assumed to be decomposed completely 
into the two optical antipodes. 

(4) MESOTARTARIC ACID, C^HgOg-f H20,is optically inactive (p. 21) and is not 
merely a mixture of the active compounds. It is obtained by prolonged boiling of d-tartaric 
acid with excess of caustic soda. Its potassium salt is more soluble in water than those 
of the other tartaric acids. 
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MANUFACTURE OF POTASSIUM BITARTRATE (Cream of Tartar or Potassium 
Hydrogen Tartrate). Although the crude prime material of this industry is very abundant 
in Italy in wine residues, it is only within the last few years that the working has been 
placed on a rational basis, the tartar being refined and tartaric acid prepared. Although 
these prime materials are subject to an export duty (10-|d. per cwt. ), the exportation from 
Italy amounted to about 17,800 tons, worth £480,000, in 1905, and 17,850 tons, worth 
£416,000, in 1910. The treatment of these products requires, besides special technical 
ability, also considerable quantities of fuel, and to this are partly due the difficulties of 
the Italian manufacturers. 

Cream of tartar occurs abundantly in the green extremities of vine-shoots and in the 
grape, and part of it remains in the pressed vinasse. The vinasse of southern grapes con- 
tains as much as 4 per cent, of cream of tartar, and that of other grapes from 2 to 2-5 per 
cent. Vinasse that has not been in contact with the fermenting must, and that of second 
wines have practically no commercial value.’- 

Another portion of the cream of tartar which remains dissolved in the must gradually 
separates {lees) as fermentation proceeds — cream of tartar being less soluble in alcoholic 
liquids (wine) — and finally part of it is deposited as a crystalline crust on the walls of the 
casks during the winter, the solubility being less in the cold. 

The following table shows, for various temperatm-es : I, the number of grams of cream 
of tartar dissolved by 100 grams of water ; II, the number of grams dissolved by 100 grams 
of 10 per cent, aqueous alcohol solution ; and III, the number of grams contained in 100 c.c. 
of the saturated solution. 
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Alcoholic potassium acetate solution transforms cream of tartar partly into the normal 
tartrate, whilst the presence of free acetic acid hinders such transformation. 

Tartaric acid causes a slight diminution in the solubility of tartar in wine, whereas 
mineral acids increase this solubility. 

These crude products are of different colours according as they are obtained from white 
wines (white tartar) or red wines (red tartar), and according to the dcgi’ee of purity. 

Fresh wine lees (forming about 5 per cent, of the wine) are slimy, of a dirty red colour, 
and contain yeasts, colouring -matters, cream of tartar (10 to 25 per cent.), and calcium 
tartrate (6 to 20 per cent. ). Italian wine lees are the richest in potassium bitartrate and 
the poorest in calcium tartrate. When removed from the vats, the lees arc placed to 
drain in strong bags suspended by cords, the bags being afterwards tied up and pressed 
slightly in a press. They are then removed from the bags and dried in the air, being 
turned from time to time. When pressed and almost dry, they contain more than double 
as much tartar as when in the fresh state (about 10 per cent, of moisture, 6 to 10 per cent, 
of lime, 3 to 5 per cent, of sand, 25 to 40 per cent, of tartaric acid). In some large wineries 

’ One quintal of grapes yields 30 to 35 kilos of vinasse and 65 to 70 of must, so that the 
annual Italian production of 40,000,000 quintals would correspond with 15 to 20 million quintals 
of vinasse, containing, on the average, more than 3 per cent, of tartar, i. e., a total of about 

700.000 quintals (70,000 tons) of tartar. The vinasse distilled in Italy in 1909 amounted to 

368.000 tons, which should have yielded 11,000 tons of cream of tartar, but this was largely 
lost. The tartar is estimated by the method of Carles : a kilo of the vinasse is chopped and 
mixed, and 100 grams weighed and boiled for ten minutes with 700 c.c. of water in a litre flask, 
the liquid being subsequently made up to the mark with distilled water. Five hundred cubic 
centimetres of the filtered solution is concentrated to about 100 c.c., 70 c.c. of saturated calcium 
acetate solution being then added to the boiling liquid ; after mixing, the liquid is allowed to 
cool for twelve hours, the precipitated calcium tartrate being then collected on a iared filter, 
washed with water, dried at G0°, and weighed. Multiplication of the result by 2 and deduction 
of 5 per cent, (to allow for the volume occupied by the vinasse in the litre flask) gives the calcium 
tartrate per 100 grams of vinasse; further multiplication by 0*723 gives the corresponding 
amount of potassium hydrogen tartrate. Ciapetti has rendered this method more exact by 
transforming the calcium tartrate (by potassium bioxalate in the hot) into potassium hydrogen 
tartrate, filtering and washing the residue, concentrating the filtrate and adding alcohol to 
precipitate the potassium bitartrate; the latter is washed, redissolved in hot water and titrated 
with decinormal caustic soda solution {see hdow. Analysis of Tartar). 
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the lees are passed directly to the filter-presses, cakes which are readily dried being thus 
obtained. 

The crude tartar contains 45 to 70 per cent, of potassium bitartrate and calcium tartrate, 
and,, if washed and crystallised once from hot water, this content may increase to 75 to 
87 per cent.,^ the product being then placed on the market under the name of crysictls. 

As a rule 60 to 70 per cent, of the total tartar is extracted from the Yinasse after the 
alcohol has been distilled off with steara in the manner indicated on p, 170. The forms of 
apparatus there shown give almost saWated, boiling solutions of tartar (the remaining 
vinasse being centrifuged or pressed to remove all the tartaric liquors), which are allowed 
to cool in shallow, wooden vessels. In these vessels are hung, after some time, strings 

^ Analysis of Tartar. Tartar being a rather expensive substance (£3 to £4 per cwt.), it is 
frequently adulterated with sand, gypsum, etc. It is always bought and sold on its strength, 
th^potassium bitartrate or the total tartaric acid (thus including both the calcium tartrate and 
the free tartaric acid) being determined. 

A homogeneous sample is finely ground and sieved, the residue being again ground. 

A test which is not very exact, but is rapid and largely used, is the direct titration test. The 
coarse impurities, sand, clay, sulphur, woody matter, yeasts, etc., are estimated by boiling a 
knovui weight of the crude tartrate with water acidified with HCl, and collecting, washing, drying, 
and weighing the residue on a tared filter; the residue is sometimes ashed. 

The calcium carbonate is determined by treating with an acid in the calcimeter and measuring 
the carbon dioxide evolved, and the total lime, including that of the tartrate, by calcining a given 
weight of the tartar, dissolving out the potassium carbonate, treating the residual calcium car- 
bonate with excess of standard nitrous acid solution, and measuring the excess of the acid by 
titration with soda solution. The total lime is, however, best estimated by dissolving 2 grams 
in HGl, neutralising with ammonia, precipitating with ammonium oxalate, and heating on a 
water- bath, the precipitate being subsequently collected on a filter, ignited in a platinum crucible 
and weighed as GaO. 

The titration test of the quantity of acid potassium tartrate is carried out by dissolving a weighed 
amount (2 to 3 grams ) of the tartar in water and titrating the boiling solution with Isl /4-sodium 
hydroxide solution, using very sensitive litmus paper as indicator ; 1 c.c. of N /4-caustic soda 
solution corresponds with 0*047 gi;am of potassium bitartrate. Multiplication of the amount 
of bitartrate by 0*798 yields the corresponding amount of tartaric acid. 

For international trade, the potassium bitartrate is nowadays estimated by the filtration 
process, which largely excludes errors due to the presence of tannin substances and other impurities 
which also react with litmus : 

2*35 grams of the substance (crude tartar, sludge or lees) are heated to boiling for five minutes 
with 400 0 . 0 . of water in a 500 c.c, flask ; water is again added and the whole cooled, made up to 
500 C.C., mixed and filtered through a folded filter. Of the filtrate 250 c.c. are heated to boiling 
and titrated with 3S1/4 -potassium hydroxide solution (standardised with pure bitartrate), sensitive 
litmus paper being used as indicator. 

For more exact determinations, Kdmmer's recry sfallisation method is employed : 

4*7025 grams of substance (molecular weight of tartar divided by 40) are heated to boiling 
with 30 to 40 c.c. of water in a 100 c.c. flask, the solution being then neutralised with N /4-caustic 
soda, of which 1 to 2 c.c. in excess are added. The volume is made up to 100 c.c. and of the 
filtered solution, 20 c.c. are rendered decidedly acid with acetic acid and treated mth 100 c.c, 
of a mixture of alcohol and ether, which separates the potassium bitartrate completely in crystals. 
These are collected on a filter, washed with alcohol and ether, redissolved in boiling water, and 
titrated with N/20-soda solution. 

Determination of the total tartaric acid. This gives the total content of potassium bitartrate, 
calcium tartrate, and free tartaric acid. The Goldcnberg-Geromont hydrochloric acid process, 
which was formulated as follows at the Congress of Applied Chemistry at Turin in 1902, is generally 
used : 

Six grams of the substance are treated for eight to ten minutes in a small beaker vdth 9 c.c. 
(for products poor in tartar) or 18 c.c. (for richer products) of cold HCl (sp. gr. 1*10), the whole 
being then washed into a 100 c.c. flask, made up to volume, mixed, and passed through a dry 
pleated filter. Fifty cubic centimetres of the filtrate are hoiled for ten to fifteen minutes in a 
tall 250 to 300 c.c. beaker with 6 (or 10) c.c. of concentrated potassium carbonate solution (66 
grams in 100 c.c. of water), the liquid being then washed into a 100 c.c flask, cooled, made np 
to volume, and filtered through a pleated filter. Fifty cubic centimetres of this filtrate are taken 
to dryness in a half -litre dish, recfissolved in 5 c.c. of boiling water, and vigorously stirred with 
4 to 5 c.c. of glacial acetic acid; when the liquid is cold, 100 to 110 c.c. of 96 per cent, alcohol 
are mixed in, and the potassium bitartrate allowed to deposit. This is filtered under pressure, 
the dish, rod, and filter being repeatedly washed with alcohol. The filter and the bitartrate are 
then washed into the same dish with boiling water, with which the volume is made up to about 
300 c.c. The liquid is then boiled and titrated with N/4-alkali, the end-point being determined 
with sensitive litmus paper. 

To eliminate the error due to the volume occupied by the impurities in the original flask, 
0*7 per cent, is deducted from the total content in the case of low-grade tartars (containing 
less than 20 per cent, of bitartrate) and 0*7 — {n X 0-02) in the ease, of those containing 20 to 
50 per cent., n being the excess percentage over 20 ; beyond 50 per cent, the correction becomes 
almost zero. 
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studded witli tartar crystals, on whicli less impure crystals gradually form. The deposit 
forming on the walls of the vessels is of a les^ degree of purity, and that on the bottom 
contains many coloured impurities. In five to six days the crystallisation is complete, 
more rapid and complete separation being attained in very cold places or by the use of 
artificial cooling. The mother-liquors decanted from the tartar may be utilised again for 
extraction of vinasse, but when they become too rich in impurities or mucilaginous sub- 
stances, they are either used as fertilisers, since they contain potassium salts, or, better, 
are treated (Carles, 1910) at boiling temperature with 60 grams of potassium ferrocyanide 
per hectolitre, the iron, alumina, copper, etc., present being thus removed ; the clarified 
liquid is treated with lime to separate calcium tartrate, the potassium salts being recoverable 
from the filtered solution by the Alberti process (see later)?- The dregs deposited during 
the extraction of the cream of tartar from the vinasse contain, in the dry state, 30 to 60 
per cent, of potassium bitartrate and 10 to 20 per cent, of calcium tartrate. m 

The refining of crude tartar from vinasse, lees, etc., is very difficult with the poorer 
products, and in practice rich and poor materials are often mixed so as to give a content 
of 60 to 65 per cent, when a highly refined tartar is not required. 

The crude tartar or other mixture should first be ground and then sieved to remove 
pieces of wood and other impurities. In order to destroy certain impurities and protein 
substances and hence hasten the filtration of the subsequent aqueous solutions, the lees 
or low- quality tartar is treated with concentrated sulphuric acid (60° Be.) or heated in 
revolving iron cylinders until the temperature reaches 160° to 180°, the loss in weight being 
8 to 12 per cent, (water together with 2 to 3 per cent, of cream of tartar). It is then intro- 
duced into a perforated copper cylinder placed almost on the bottom of a large wooden 
Vessel furnished with copper or aluminium steam coils. Care is taken not to use an excess 
of water, which would involve waste of fuel, and generally 6 to 8 parts of water are taken 
per 1 part of tartar. A hood is usually fitted over the vessel to carry off the steam from 
the boiling solution. In order to transform the calcium tartrate present into potassium 
bitartrate, 3 kilos of hydrochloric acid (20 B6. ), and 3 kilos of potassium sulphate (previously 
dissolved in 20 litres of water) are added to the water per kilo of lime (CaO) contained 
in the calcium tartrate (see method of determination given above). The liquid is stirred 
occasionally, boiled for an hour and allowed to settle for about a further hour, after which 
either the bitartrate solution is decanted by means of a tap a short distance from the 
bottom, or the whole mass is passed through a filter-press. The liquid is left to cool in a 
cold place in ordinary crystallising vessels, or, better, in copper or aluminium basins, a 
somewhat impure and reddish-brown tartar crystallising out. Bather purer tartar may 
be obtained by collecting the crystals separating while the solution is cooling to 35° or 40°, 
small crystals being ensured by occasional stirring ; the tepid mother-liquors are then 
decanted and crystallised in a cold place. 


. . many places the vinasse is placed in vats fitted with false bottoms, steam beinc*- passed 
m below while a .spray of mother -liquor (red liquors) falls from above ; as many hectolitres of 
these liquors are ernployed as there are quintals of vinasse. In this manner, the first solution 
ol the tartar is obtained almost boiling and almost saturated ; it is purified by percolating slowly 
through the vjnasse (the steam expels the air and condenses). A second extraction gives a less 
eompietely saturated solution, which is utilised for further extraetions. Finally, the vinasse is 
not pressed but is washed with water and a little hydrochloric acid to extract the calcium tartrate 
exhaustion being then obtained by means of cold water (Tarulli's method). The mother-liquors 
rroni the crystallisation, when they become too impure or, in some cases, even after the first 
crystallisation, are treated with milk of lime to precipitate all the dissolved tartar, while the 
liquors irorn the second and third extractions arc used for fresh quantities of vinasse. 

• purer solutions from^ the vinasse, to avoid losses occasioned by the presence of lime 

in the water, and to extract calcium tartrate at the same time, Ciapetti exhausts the linasse 
with dilute solutions of sulphurous and hydrosulphurous acid — which do not dissolve the colour- 
ing-matters or the pectie or albuminoid substances — and allows refined, white cream of tartar Cl 
to crystallise out; the mother-liquors are utilised further. This method was tried in various 
works, but did not give the results expected of it. Extraction on the Ciapetti system mav abu 
Acid^™lady&^^Proc^^ series of stills used for the distillation of the vinasse (see later. Tartaric 

vinasse or the deposits, if not to be worked up at once, may be kept for some months 
w femientati on— which would destroy part of the cream of tartar— is prevented, either 

sodium thiosulphate or by maintaining the vinasse strongly 
compressed, under chalk and sand, in wooden vats (tartaric fermentation is caused principally 
/ ? M alcohol are determined on a small quantity 

(5 kilos) of the vinasse in a small Savallo distilling and macerating apparatus. 
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The brown mother-liq^uors are used repeatedly to dissolve fresh q^uantities of the crude 
tartar substances in the hot. The brown crystals are detached from the crystallising 
vessels by means of suitable spatulas and redissolved, in a wooden vessel similar to that 
previously used (with a perforated bottom for the crystals ), in ten to twelve times their 
weight of water, which is boiled by indirect steam supplied through copper or aluminium 
coils. Decolorisation is effected by adding, after half an hour’s boiling, about 1 per cent, 
of animal charcoal (well washed with hydrochloric acid and thoroughly rinsed ; for very 
impure tartar from lees as much as 6 to 8 per cent, of animal charcoal is used). After 
mixing and an hour’s boiling, about 1 per cent, of kaolin free from chalk (washed with 
HCl) is well mixed in in the hot and the liquid either filter-pressed or left for two to three 
hours so that the kaolin may carry down all the suspended charcoal. In some cases the 
solutions are clarified by adding tannin and gelatine (50 grams of the latter and 250 of 
tatmin dissolved separately) after the kaolin and before filtration. The pale yellow, clear 
solution is decanted (the first and last portions, which are rather turbid, being kept separate ) 
and crystallised in wooden crystallising vessels or in copper or aluminium basins ; in three 
or four days the crystallisation is complete. The mother-liquors are used to dissolve fresh 
brown crystals, since they contain a little free tartaric acid which dissolves many of the 
impurities better than water does, and so results in the separation of purer crystals. After 
the removal of the mother-liquor, the crystals are w'ashed repeatedly with very pure water 
(condensed), a trace of hydrochloric acid being added to the first washing water if the 
crystals show any superficial turbidity. They are finally dried on cloths in a desiccator 
at 60° with the help of a cuiTent of air. 

In Trance and also in certain Italian factories. Carles has applied a method of extracting 
the tartar wliich consists in treating 100 parts of the crude, powdered tartar with 400 parts 
of water at 70°, containing sufficient sodium carbonate to transform all the potassium 
bitartrate into the highly soluble sodium potassium tartrate (1:1-2). This solution is 
decanted or filtered and treated with more than the amount of hydrochloric or sulphuric 
acid necessary to neutralise the soda added; this leads again to the formation of the 
slightly soluble potassium bitartrate, which crystallises out (96 per cent, purity) on cooling. 
Vinasse is also extracted more readily by this alkaline method. 

The recent process of Cantoni, Chautems and Degrange (1910) refines the tartar almost 
in the cold and effects a marked economy of chemical products. This method serves well 
also for poor products (20 per cent, lees), which are heated as described above and washed 
first with cold sodium carbonate solution in a series of vessels, next slightly with water, 
and finally, slowly and systematically with dilute hydrochloric acid. 

In the first case, sufficient soda is added to convert the tartar almost completely into 
sodium potassium tartrate, which is highly soluble and may be extracted with the minimum 
quantity of water. The treatment with hydrochloric acid dissolves the remainder of the 
tartar and also the calcium tartrate. The amount of the acid used is chosen so that, when 
the alkaline and acid solutions are united, it neutralises the soda first used. The hydro- 
chloric acid solution is mixed previously with the amount of oxalic acid required to preci- 
pitate the whole of the lime present in the crude tartar as calcium tartrate, while sufficient 
potassium chloride is added to the alkali solution to transform all the tartaric acid, existing 
as calcium tartrate, into potassium bitartrate. Mixing of the two solutions in the cold 
results in the precipitation of almost all the cream of tartar in a white, highly pure state, 
and of the calcium oxalate. After filtering, the dark mother-fiquors are kept for subsequent 
operations, while the solid residue is treated with the calculated (on the solubility of the 
tartar) quantity of water at 90°, a little oxalic acid being added to render the calcium 
oxalate less soluble. The mass is then filtered or centrifuged (if necessary, decolorised 
with a small amount of animal charcoal), the clear liquid, on cooling, depositing refined 
tartar pf a purity of 99 to 99-5 per cent. The mother-liquor is used to initiate the solution 
of further quantities of crude tartar, etc. Oxalic acid may be recovered from the calcium 
oxalate. 

A process which allows of the conversion of calcium tartrate into potassium bitartrate 
consists in boiling, say, 100 kilos of the calcium tartrate (85 per cent.) with 1500 litres of 
water and 53-5 kilos of potassium bisulphate (or a mixture of 35 kilos of the neutral sulphate 
and 24-6 kilos of sulphuric acid at 60° Be.) for half an hour, decanting and filtering the 
liquid, from which pure potassium bitartrate (up to 98 per cent. ) crystallises on cooling. 

This process is a modification of that of Martignier (Tr. Pat. Nov, 23, 1889), who 
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transforms calcium tartrate into normal potassium tartrate by decomposition with normal 
potassium sulphate; after filtration and concentration and addition of the calculated 
amount of sulphuric acid, the solution deposits potassium tartrate. 

If the cream of tartar crystals are not pure but contain small proportions of calcium 
tartrate, they do not give perfectly clear solutions in water. When the pale mother-liquors 
from the finaj refining are somewhat impure, they are used in place of the brown liquor to 
dissolve the crude material, the highly impure brown liquors being used in the manufacture 
of tartaric acid or added in small amounts to the prime tartaric materials. 

STATISTICS AND USES. Italy exported and imported the following quantities of 
tartar materials : 
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The exports from Italy are sent mostly to France, Great Britain, and the United States. 

The total Italian production of tartar, etc., in 1905 has been estimated at £1,600,000, 
the world'’ s ^rodticiion being valued at about £2,800,000 (probably too low). Crude tartar 
and lees pay an export duty from Italy of U. 9d. per quintal, no import duty being levied ; 
refined tartar pays an import duty of 3s. 2d. Italy contains about 200 crude cream of tartar 
works, but only very few manufacturing refined tartar. 

Great Britain imported (usually one-half from France and one-fourth from Germany) 
3200 tons of cream of tartar in 1918, 4000 in 1910, 3890 in 1912, and 3980 in 1913. 

For Germany the importation (of crude tartar and calcium tartrate) and exportation 
(of pure cream of tartar) are (tons) : 
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In 1910 France produced 12,000 tons of crude tartar and more than 6000 tons of refined 
cream of tartar. The imports and exports are as folloivs (tons ) : 
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At least one-half of the refined cream of tartar is exported to Great Britain. 

The United States imported 14,000 tons of cream of tartar in 1910, 13,800 in 1911, 
13,000 in 1912, and 14,000 (£560,000) in 1913. 

Before 1913 the United States levied an od valorem import duty of 5 per cent, for low- 
grade and 25 per cent, for high-grade cream of tartar. After 1913 a new tariff was to 
come into force, but now that the war is over the question remains unsettled—as in other 
countries also. 
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The price of crude and refined tartar products varies vridely, even in one and the same 
year, according to the req^uirements of the markets and also to speculation in raw materials 
and refined products. 

Before the war crude cream of tartar was sold at ll|d. to 14-|d. or even less per unit 
or kilo of the pure tartar in 100 kilos of crude product, and the refined at Is. 9d. to I 5 . 

During and since the war the price of the crude material has become quadrupled and 
that of the refined product quintupled. 

Cream of tartar is largely used in dyeing, in the bichromate mordanting of fast wool 
dyes, etc., and in the printing of textiles. Considerable quantities are used in the United 
States, Australia, Japan, China and India for preparing powder which is added to dough 
to render the bread light and elastic; this powder contains 69 per cent, of tartar and 31 
per cent, of sodium bicarbonate.^ 

^ MANUFACTURE OF TARTARIC ACID. This acid is prepared by decomposing 
its salts (cream of tartar, lees, calcium tartrate, etc.), the dark mother-liquors and the 
deposits and sludges of cream of tartar factories being most commonly employed. 

Attempts were at one time made to liberate the acid from its soluble salts by treating 
these, in hot solutions, with hydrofluosilicic acid, which separates as insoluble potassium 
fluosilicate, the solution of tartaric acid remaining being filtered, concentrated and crystal- 
lised. The potassium fluosilicate is treated with calcium carbonate to convert it into 
soluble potassium carbonate and insoluble calcium fluosilicate, which yields hydrofluosilicic 
acid under the action of an energetic acid. Tartaric acid has also been prepared by treating 
solutions of its salts with potassium carbonate and then with barium chloride, the latter 
precipitating the neutral potassium tartrate partly formed by the former reagent. 

At the present time, however, the method most commonly used consists in treating 
boiling cream of tartar solutions with milk of lime or powdered calcium carbonate. In this 
way one-half of the tartar is converted into insoluble calcium tartrate and the other half 
into the soluble normal potassium tartrate, the latter being then separated as the insoluble 
calcium salt by addition of calcium sulphate or chloride ; 

2 C 4 H, 0 .K + CaCOo == HoO + CO. + CAOeCa -f ; 

„ + CaSO^ = K 2 SO 4 + 

The acid is liberated from calcium tartrate by means of sulphuric acid : 

C^H.OeCa + H^SO^ = CaSO^ -f 

According to the nature of the materials employed, various procedures are adopted. 

Crude tartar is freed from coarser impurities by passing through a wide-meshed sieve, 
heated if necessary {see above), ground to a fine granular condition and placed in a wooden 
vessel, where it is treated with eight to ten times its weight of boiling water. The mass 
is well mixed with a stirrer and heated to boiling by a steam jet, most of the tartar then 
dissolving. A paste of calcium hydroxide (sieved ) is then added until a small portion of the 
liquid gives only slight effervescence with calcium carbonate (as a rule, 160 grams of quick- 
lime, made into a 10 per cent, paste, are required for each kilo of potassium tartrate), the 
mixture being then boiled for fifteen minutes. 

In this way calcium tartrate is precipitated, while normal potassium tartrate remains 
in solution. The latter is then precipitated as calcium salt by boiling with a slight excess 
of gypsum or of calcium chloride solution (300 grams of the chloride per kilo of tartrate 
used) for about two hours; a little precipitated calcium carbonate is finally added to 
precipitate the neutral tartrate as completely as possible. In some cases, however, the 
liquid is left slightly acid to prevent separation of iron and aluminium salts. It is, indeed, 
necessary to ensure the absence from the various reagents (lime, chalk, gypsum, etc.) 
of iron, aluminium, and especially magnesium, the latter forming magnesium tartrate, which 
is ultimately found as magnesium sulphate in the tartaric acid after the calcium tartrate 

1 Cream of Tartar in Bread-making. When bread is made vlth yeast, an appreciable 
amount of sugar, derived from the flour, is lost owing to its conversion into alcohol and carbon 
dioxide. The yeast may be replaced by 500 grams of cream of tartar and 225 grams of sodium 
bicarbonate per 50 kilos of flour, the doughed mixture being left to stand until evolution 
of carbon dioxide commences ; it is then divided into loaves and baked, good light bread being 
thus obtained. Production of COo by means of bicarbonate and hydrochloric acid has also been 
proposed, addition of salt being then unnecessary. Some years ago Candia suggested the use of 
compressed CO 3 for this purpose, the composition of the dough thus remaining quite unchanged. 
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has been treated with sulphuric acid. The boiling liquid is kept mixed and is afterwards 
either allowed to cool to 40° and decanted or passed immediately to the filter-press ; after 
repeated washings with hot and cold water, the crude, dry tartrate is placed on the market 
and the filtrate either rejected or evaporated to obtain the potassium chloride present. 
Where, however, the calcium tartrate is converted into tartaric acid, it is not necessary to 
filter and dry it, the tartrate, after the first decantation,, being mixed with various separate 
amounts of water, which are drawn off when the precipitate settles. The calcium tartrate 
remaining may then be treated in the same vessel with sulphuric acid as described above. 

The procedure is rather more complicated in the case of wine lees (sediments, sludge, 
etc. ), as the tartrate cannot be extracted merely by treatment with water and filtration, 
owing to the presence of considerable amounts of mucilaginous protein substances (fer- 
ments), which impede filtration, so that they are either treated with concentrated sulphuric 
acid (60° Be.) or heated {see above). The moist lees (drained in bags and pressed) contain 
as much as 8 per cent, of cream of tartar, or, if dried in the sun, still more. 

' These lees are nowadays worked by the Dietrich and Schnitzer process (1865) ; they 
are first powdered and mixed by means of stirrers' and then heated for five to six hours in 
iron autoclaves (4 metres high and 14 wide for 15 quintals of lees ) at 4 to 5 atmos. pressure, 
direct steam being admitted by copper coils and the air first allowed to escape. The albu- 
minoids are thus coagulated, together with large quantities of colouring-matters, and the 
mass may then be easily filtered, but before this, it is discharged into a lead-lined wooden 
vessel (holding 10 to 12 cu. metres) containing 3 cu. metres of water and the amount of 
hydrochloric acid (20° to 22° Bd.) corresponding with the quantity of tartar previously 
determined (100 kilos of potassium bitartrate require 60 kilos of hydrochloric acid at 
20° Bd., or 54-5 kilos at 22° Bd.). The mass is well mixed and passed through the filter- 
press, in which it is washed with water. The tartaric acid is then separated from the 
solution as calcium tartrate, as described above. 

Lees may be treated economically and well by the process of Cantoni, Chautems, and 
Degrange described above. 

To utilise the potash salts of the filtrate from the calcium tartrate, A. Alberti (U.S. 
Pat. 967,295, 1910) decomposes the organic substances in the hot with calcium chloride, 
filters and concentrates in a vacuum. 

The second phase of the manufacture of tartaric acid consists in the decomposition of 
the calcium tartrate by means of sulphuric acid {see above) and in the subsequent 
crystallisation of the tartaric acid. 

The calcium salt in the decantation or washing vessels, or as cakes from the filter-presses, 
is broken up and suspended in five to six times its weight of water in lead-lined wooden 
vessels furnished with stirrers covered with lead and with coils for indirect steam-heating. 
After the liquid paste has been well stirred, the sulphuric acid, previously diluted, is added 
in such amount that, after an hour’s stirring at 60° to 70°, there is still a slight excess of 
sulphuric acid, detectable by the faint green coloration imparted to a solution of methyl 
violet. Too great an excess of sulphuric acid produces blackening of the tartaric acid 
solution during concentration, whilst deficiency of sulphuric acid results in the formation 
of turbid, impure tartaric acid crystals ; when a little free sulphuric acid is present, fine 
shining crystals are obtained. Usually 1 kilo of sulphuric acid at 66° Be. is employed per 
3 kilos of dry calcium tartrate. The solution is boiled for a couple of hours, left to cool, 
and the calcium sulphate which forms separated by means of a filter- press, washed with 
a little tepid water (this being added to the filtrate), and then with much cold water (this 
being used for treating subsequent quantities of calcium tartrate). The tartaric acid 
solutions were at one time concentrated in shallow, lead-lined, wooden vessels containing 
leaden steam-coils, but nowadays concentration is carried out in vacuum pans which 
are similar to those described later in dealing with the sugar industry and are of hard 
lead and of considerable thickness. 

The liquid is evaporated until it becomes almost syi-upy, and is then discharged into 
wooden vessels containing stirrers, which cool the concentrated solution rapidly and thus 
cause the tartaric acid to separate in small crystals. The cold mass is quickly separated 
from the mother-liquor in a centrifuge, the crystals being washed with a fine spray of cold 
water. The mother-liquors are then concentrated until they give crystals, this process 
being carried out three times ; they are finally treated with milk of lime to separate the 
residual tartaric acid as calcium tartrate, which is filtered and worked up with the other 
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calcium tartrate. The tartaric acid crystals are dissolved in one-half their weight of 
boiling water (if necessary, the solution is decolorised with animal charcoal and filtered) 
and the liquid left to crystallise, the crystals thus obtained being centrifuged and dried on 
sheets of lead in a current of air at 30°; the mother-liquors are used to dissolve fresh 
quantities of the small crystals. 

The final yield is about 90 to 95 per cent, of the total tartaric acid in the prime materials 
when these are poor (e, g., lees with 20 to 25 per cent, of tartar) or 97 to 99 per cent, when 
richer prime materials (70 to 80 per cent, of tartar) are used. 

A process still little used, but worked successfully for many years in the Montredon 
factory near Marseilles, is that of Gladysz (Ger. Pat. 37,352, October 15, 1885), w^hich is 
based on the followdng observations: (1) When calcium tartrate is suspended in water 
and saturated with sulphur dioxide, soluble calcium bisulphite is formed and the tartaric 
aiJid liberated ; (2 ) when this solution is heated to 66°, the sulphui'ous acid is expelled 
and all the tartaric acid precipitated as pure crystallised calcium tartrate; (3) if in (1) 
potassium bitartrate is used instead of calcium tartrate, potassium bisulphite and tartaric 
acid are formed, and on heating the liquid to 80°, sulphur dioxide is evolved and pure 
potassium bitartrate separated in a crystalline state ; (4) potassium tartrate, when treated 
with calcium bisulphite, gives potassium bisulphite and calcium bitartrate; the latter 
separates at 100°, when the potassium bisulphite gives, with lime, calcium bisulphite and 
caustic potash, which can also be utilised. 

In practice Gladysz proposed to suspend the tartar in lumps in lead-lined wooden 
vessels, and into these — hermetically sealed and arranged in a series of five or six— -to pass 
sulphur dioxide. The solutions (10° to 12° Be. ) thus obtained are sent to the concentration 
apparatus, which communicates with towers to condense the sulphur dioxide {see Vol. I., 
p. 280). When the latter is completely evolved, the liquid is kept at 125° for a short time 
to separate crystalline calcium tartrate, which is collected by means of a centrifuge, while 
the solution is concentrated' further and allowed to cool in shallow^ lead-lined wooden 
vessels to deposit the potassium tartrate. As a rule, however, the hot potassium tartrate 
solution is treated directly with calcium chloride and a little lime, so that it yields insoluble 
calcium tartrate, which is more easily separated. From this calcium tartrate, pure 
tartaric acid is then obtained in the ordinary way. Although theoretically no sulphur 
dioxide should be lost in this process, in practice about 15 per cent, is lost in winter and 
20 per cent, in summer. 

The Gladysz process, somewhat modified by Ciapetti, is used in Italy in the manufacture 
of tartar from vinasse, lees, etc. (see p. 404). 

USES AND STATISTICS OF TARTARIC ACID. This acid is used in considerable 
quantities to replace the more expensive citric acid in the preparation of beverages, liquors, 
and aerated waters, and in wine-making. Large quantities are consumed in the mordanting 
of wool and silk, to reduce chromium salts, etc., in the printing of textiles, manufacture 
of dyes, photography, medicine, etc. Refined tartaric acid pays an import duty in Italy of 
85. per quintal and in the United States and Spain of 25 per cent, ad valorem. 

Italy possesses the following large tartaric acid factories ; at Carpi, Agnano (Pisa), 
Barletta, Milan, and CasalmonfeiTato (the last of these was transferred to Milan in 1920). 
The last three are the more important, and are able to produce together as much as 5000 
tons per annum. 

The world’s production in 1905 was about 11,000 tons, of which Italy produced 670 
tons; England and the United States, each more than 2500; Germany, about 1500; 
France, about 800 (1300 in 1910); and Austria-Hungary about 1000 tons. Germany 
exported 1700 tons of the refined acid in 1908, 2100 in 1910, 1850 in 1911, 2673 in 1912, 
and 2956 in 1913; the imports were 458 tons in 1910, 379 in 1911, 428 in 1912, and 325 
in 1913. 


For Italy the imports and exports are as follows : 
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Great Britain imported 1700 tons of tartaric acid in 1908, 2050 in. 1910, 2000 in 1912, 
and 2300 in 1913, and exported 335 tons in 1911 and 835 in 1913. 
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For France tlie importation and exportation are as follows (tons ) : 

1913 1914 1915 1916 

Importation . . . 501 374 273 305 

Exportation . . . 1350 1073 1027 914 

In 1907, four Russian factories, worked by a syndicate, produced 600 tons of tartaric 
acid and sold it at £200 per ton. 

The Argentine imported 95 tons of tartaric acid in 1904, 465 in 1909, 729 in 1910, and 
868 (almost three-fourths from Italy) in 1911. In 1911 a factory capable of making 330 
tons per annum was erected at Ruenos Aires. 

The price of tartaric acid is variable for the reasons mentioned on p. 407. Some years 
before the war the price was about £140 per ton, in 1911 it approached £100, and during 
the war it rose in Italy to £360 or even £560 per ton, while after the war ended in 19i9 
it varied from £440 to £520 per ton. 

ARTIFICIAL TARTARIC ACID. In 1889 a process was patented by Basset, and in 
1891 a similar but improved one by Naquet for obtaining tartaric acid from starch (1 to 
5 of water) by saccharifying with an equal weight of hot sulphuric acid (51° Be.), then 
adding double this quantity of sulphmic acid and almost as much sodium nitrate and 
heating at 100°. When the reaction becomes very vigorous, the temperature is moderated 
and the heating continued at 80° to 90° for two to three days, the evaporated water being 
first replaced and the liquid concentrated to a syrup when evolution of gas ceases. In this 
manner all the saccharic acid is decomposed; the sulphui’ic and oxalic acids are then 
neutralised with calcium carbonate and the tartaric acid subsequently worked up in the 
usual manner by way of its calcium salt. 

One hundred kilos of starch should give theoretically 140 of calcium tartrate, corre- 
sponding with 56 kilos of tartaric acid, but in practice the yield of the acid does not exceed 
55 to 60 per cent, of this theoretical amount. 

TRIHYDROXYGLUTARIC ACID, COgH • [CHlOHlJg • COgH, should exist in four 
stereoisomeric forms, of which the dextro-, Isevo- and racemic (m.-pt. 127°) compounds 
are known. They are obtained by the oxidation of xylose or arabinose, and, on reduction, 
give glutaric acid, their constitution being thus confirmed. 

SACCHARIC ACID, COgH • [CHlOH)]^- COgH, forms ten stereoisomerides, which are 
all known and are closely related to the sugars. Saccharic acid is formed as a rule in the 
oxidation of sucrose, glucose, mannitol, and starch (e. y., with nitric acid). It is deliquescent 
and soluble in water, and when heated or fused is converted into saccharone, which is a 
dextro-rotatory lactone melting at about 150°. 

MUCIC ACID, COgH • [CH(OH)]4 • COgH, is the stereoisomeride of saccharic acid which 
is constantly inactive. It is obtained on oxidising lactose, dulcitol, gum, etc., and foiins 
a white powder very slightly soluble in water. 

KETONIC DIBASIC ACIDS 

Esters of these acids, like those of /5-ketonic acids (ethyl acetoacet.ate, 
etc. ; see p. 396), show both ketonic and acid decompositions, and also a new 
one in which carbon monoxide separates. 

MESOXALIC ACID (Dihydroxymalonic Acid), COgH • CO • COgH -j- HgO or 
CO^H • C (011)2 * COgH, shows ketonic behaviour in agreement with the first formula, but 
the molecule of water cannot be separated from the deliquescent prisms even at 100°, and, 
further, derivatives (esters, etc.), are known which correspond better with the second 
formula, whilst the latter also explains well why mesoxalic acid, when heated with water, 
loses CO2 and gives glyoxylic acid, COgH • CH(OH)2. The structure of the acid likewise 
follows from its formation by the action of barium hydroxide on ethyl dibromomalonate : 

CBr,(CO,C,H5)2+ Ba(OH)2= BaBr^ + C(OH)2(COaC2H5V 

Its ketonic constitution is confirmed also by the fact that it gives tartronic acid, 
COgH • CH(OH) • COgH, on reduction. 

OXALACETIC ACID (Butanonedioic Acid), COgH • CHg • COg • COgH, is not known in 
the free state, but is formed as ester by condensation of ethyl oxalate and ethyl acetate in 
presence of sodium ethoxide {see Ethyl Acetoacetate). It also splits up in two ways 
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according as it is treated witli dilute sulphuric acid (giving pyruvic acid, COg, and alcohol) 
or with alkali (giving oxalic and acetic acids). Being a ketone, it forms an oxime. 

The alcoholic solution is coloured dark red by ferric chloride and hence corresponds 
with the enolic form, CgHg • 0 • CO • CH : C(OH) • COgCgH-. This ester, like ethyl aceto- 
acetate, is used in many syntheses, the hydrogen of the methylene group being replaceable 
by sodium, etc. 

ACETONEDICARBOXYLIC ACID (Pentanonedioic Acid), CO 2 H • CH^ • CO • CHg • 
COgH, forms crystals which melt at 135°, losing 2 CO 2 and giving acetone. It is formed 
by the action of concentrated sulphuric acid, in the hot, on citric acid : 

CHg-COgH CHg-COgH 

* ®<OH^ = CO + HjO + CO 

CHa-COjH CHa-COaH 

Citric acid 


The constitution of citric acid is shown by its formation from acetonedicarboxylic 
acid by the action of hydrogen cyanide and subsequent hydrolysis. 

The hydrogens of the two methylene groups are replaceable by sodium, so that this 
acid may be used in syntheses similar to those effected by ethyl acetoacetate. 

DIHYDROXYTARTARIC ACID, COgH • CO • CO * COgH + 2 H 2 O, or, better, 
COgH ’ C(0H)2 • C(0H)2 • COgH, melts and decomposes at 98° and forms a sodium salt, 
which is sparingly soluble and decomposes readily into COg and sodium tartronate, 
COgH • CH(OH) • COgNa. 

It is obtained by the action of nitrous acid on an ethereal solution of pyrocatechol, 
guaiacol, etc., and also by the spontaneous decomposition of nitrotartaric acid. Sodium 
bisulphite converts it into glyoxal, while with hydroxylamine it forms the dioxime corre- 
sponding with the diketonic form. With phenylhydrazinesulphonic acid, it forms tarirazinCf 
a beautiful yellow colouring-matter largely used in dyeing wool and silk. 


Of the higher ketonic acids the following may be mentioned : hydro- 
chelidonic acid {acetonediacetic acid), C 0 (CH 2 • CHg ‘ C 02 H) 2 ; diacetosnccinic 

CHg * CO * CH ’ CO 2 H PH /'PO • PTT 'i • PO TT 

acid, I ; and diacetylglutaric acid, CH 2 <pTT . px/! . pp V 

CH 3 • CO • CH • CO 3 H 

the esters of which give rise to tetrahydrobenzene derivatives or, in presence 
of ammonia, to pyridine derivatives. 


G. POLYVALENT TRIBASIC HYDROXY-ACIDS 

ETHANETRICARBOXYLIC ACID, COgH • CHg • CH(C02H)2, and ASYM. 
PROPANETRICARBOXYLIC ACID, COgH • CHg • CHg • CH(C02H)2. These 
two acids are stable in the form of -esters, but in the free state they readily 
decompose, liberating COg and forming dibasic acids. 

TRICARBALLYLIC ACID (Symm. Propanetricarboxylic or Pentadioic- 
S-methyloic Acid), COgH • CH 2 • CH(C02H) • CHg • CO 2 H, melts at 163° and is 
very soluble in water. 

It is found in unripe beets and occurs abundantly in the deposits of the 
vacuum pans of sugar factories. Synthetically it is obtained from aconitic 
acid ^ by the addition of hydrogen and from citric acid, which loses its hydroxyl 
group when treated with hydriodic acid. 

CH * CO,H 

^ Aconitic Acid is the corresponding nnsaturated acid, C • COaH . It melts at 191°, and is 

' (!h2-coji 

readily soluble in water ; it is an energetic acid and is converted into tricarballylie acid by nascent 
hydrogen. It is prepared by heating dry citric acid, which loses a molecule of water. 

It occurs naturally in the sugar-cane, beet, Aconitum napellus, etc. 
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Its constitution is shown by its sjaithesis from glycerol by way of the 
tribromhydrin and tricyanohydrin, C 3 H 5 (GN) 3 , the latter being hydrolysed 

CHg . COgH 

CITRIC ACID, C<?j?u 

I LU2rl 
CH 2 . CO 2 H 

This acid is deposited from its aqueous solutions — if these are not too 
hot — ^in large, rhombic prisms containing iHgO, which is given up partly in 
dry air and completely at 135°. It melts in its water of crystallisation at 
135° and, when anhydrous at 153° and at ^ higher temperature decompo,^s 
into aconitic and itaconic acids, citraconic anhydride, COg, and acetone. It 
is readily soluble in water (135 ; 100 at 15° and 200 : 100 at the boiling-point) ^ 
or alcohol (53 : 100 at 15° and about double as much in 80 per cent, alcohol), 
and to a slight extent in ether (9: 100). It was discovered by Scheele in 
1784 and studied by Liebig in 1838. It occurs abundantly in nature in the 
lemon (4*5 per cent, in the unripe lemon), orange, gooseberry, and other fruits, 
and in small quantities in cows' milk, the shoots and leaves of the vine, tobacco, 
and fungi, and as calcium salt in the beet, willow, etc. 

Industrially it is obtained by the lime method described later (see p. 415). 
Synthetically it may be prepared from acetonedicarboxylic acid by the 
action of hydrocyanic acid and subsequent hydrolysis. The constitution 
thus indicated is confirmed by its formation from symm. dichlorhydrin, 
CHgCl * CH(OH) * CHgCl, which on oxidation gives symm. dichloracetone, 


and hence by the introduction of cyanogen groups and hydrolysis yields citric 
acid : 

CH 2 CI 

CH 2 CI 

CH2C1 

CH 2 • CN 

CHj-COaH 

1 

CO ^ 

1 

t 

1 

0 0 
V 

— 0 — 

1 OH 
^<00, H - 

1 OH 

1 “^COgH ^ 

1 OH 

I^COjH 

CH 2 CI 

CH 2 C 1 

CH 2 CI 

CHj-CN 

CHj-COaH 


Citric acid was prepared some years ago (Pabrique de produits chimiques 
de Thanii et de Mulhouse) by Wehmer’s biological process (Ger. Pat. 72,957 
of 1893), according to which glucose is fermented by certain moulds {Cilromyces 
Pfejferianus and Glaber, and Mucor 'pyriformis), the ;>ueld being about 55 per 
cent, of the sugar. ^ 

1 The following table gives the percentage by weight in aqueous solutions of different 
densities : 

Degrees Baume , .2 4 6 10-5 12 14 18 22 26 28 30 32 34 

Per cent, of citric acid . 4 8 12 20 22 26 .34 42 50 54 58 62 66 

2 The formation of citric acid by the action of micro-organisms on sugar w'as studied in 
detail also by Maze and Perrier in 1904, by Herzog and Polotzky in 1900, and by Buchner and 
Wiistenfeld in 1909 with Gitromyces citricus. All these authors found that such* organisms are 
able to live in highly acid media and that, under certain conditions, especially when there is a 
scarcity of nutrient nitrogenous substances, they can transform as much as 50 per cent, of the 
sugar into citric acid. A current of air passed through the fermenting liquid does not aid the 
development of the organisms, but at tho same time does not oxidise the citric acid formed ; 
lack of air, however, retards the fermentation. The presence of inorganic ammonium salts and 
of calcium carbonate results in a good yield and in good separation of calcium citrate. Various 
tests were made with 20 per cent, solutions of sugar (.sucrose, which is rapidly inverted ) containing 
0-6-1 percent, of inorganic salts (ammonium phosphate or nitrate, etc.): in ten to twelve 
days or, in some cases, iji thirty-five days, 40 to 60 per cent, of the sugar undergoes conversion 
into calcium citrate (Wehmer, 1912). The formation of the citric acid by direct oxidation (as 
occurs in acetic or oxalic fermentation) is excluded, and Maze advances the hypothesis that the 
acid is derived rather from the decomposition of the protein substances forming the ferments 
themselves, whilst Buchner assumes the intermediate formation of parasaceharinic acid. 

Wohmer (19X3) confirms the observation of earlier experimenters that calcium citrate is 
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"When heated for a long time with water, citric acid forms a little aconitic 
acid, into which it is transformed completely by concentrated hydrochloric 
acid.^ It is readily oxidised to acetone, oxalic acid, and carbon dioxide. 

Like tartaric acid, citric acid hinders the precipitation of the metallic 
hydroxides from their salts by ammonia, ^ 

Citric acid is used in large quantities for lemonade and in pharmacy and for effervescent 
drinks (citrate of magnesia); it is employed also in dyeing and in textile printing. It is 
used also in aqueous solution (or as fresh lemon juice) as a substitute for vinegar. It is 
often employed, in preference to tartaric acid, to increase the acidity of wine so as to improve 
its colour and keeping qualities (100 grams per hectolitre is sufficient, whereas about 400 
grams of tartaric would be necessary to produce the same effect, since two-thirds of it 
undergoes precipitation as potassium bitartrate). A certain amount of citric acid is used 
in the analysis of superphosphates. 


CITRUS INDUSTRY 

Citric acid is manufactured from the juice of lemons yielded especially by the following 
thi'ee plant species : Citrus limonium. Citrus bergamia (bergamot), and Citrus limetta (or 
wild lemon cultivated by the British in Guiana and the West Indies). Lemons are 
cultivated most extensively in Sicily and Calabria, and to a considerable extent also in 
Spain. The cultivation is of little importance in Greece, the Sandwich Islands, and the 
West Indies, but is rapidly increasing in Australia. During recent years the production 
of oranges and lemons has made rapid strides in California and in Florida,^ where it is 


obtainable in good yield also from glycerol, and finds also that citric acid is produced 
only as calcium citrate {i, c., in presence of calcium carbonate) and never as free acid, 
possibly because the latter undergoes instantaneous decomposition or transformation into other 
substances (not into organic acids); in any case the biological formation from glycerine denotes 
the possibility of a synthetic process, which is somewhat rare {see p. 137). From lactose and 
ethyl alcohol citric acid has not been prepared. 

According to Zahorski (U.S. Pat. 1,069,168, 1913) citric acid may be obtained from sugar 
(glucose, levulose, etc.) by adding 15 per cent, of citric acid to a culture of Sterigmatocystis nigra 
ahd using this culture for the gradual seeding of the saccharine solution. 

^ Tests and Reactions for Citric Acid. Denigis' reuefimis characteristic and serves to detect 
small quantities of the acid; the solution is heated to boiling with one-twentieth of its volume 
of Deniges' reagent (5 grams of mercuric oxide, 80 c.c. of water, and 20 c.o. of concentrated sulphuric 
acid), 3 to 10 drops of approximately decinonnal potassium permanganate solution being added ; 
a white, crystalline precipitate is formed immediately even with traces of citric acid. The 
reaction is not jnasked by the presence of tartaric, oxalic, malic, sulphuric, or phosphoric acid, 
although the amount of permanganate used must then be slightly increased. 

Haussler (1914) gives the foilowing reaction for detecting small amounts of citric acid even 
in presence of other organic acids (proteins and sugars are first eliminated by successive treat- 
ment with lead acetate, KgS and calcium carbonate) ; 2 c.c. of the dilute citric acid solution 
(even OT per cent.) is evaporated to dryness in a dish wdth 2 c.c. of alcohol containing a little 
vanillin, 3 to 4 drops of 25 per cent, sulphuric acid being added to the residue and the dish heated 
for fifteen minutes on a water-bath ; the mass then becomes an intense violet and dissolves in 
water to a green solution, w'Mch, even in high dilution, is coloured an intense red by addition 
of ammonia. 

The presence of tartaric acid — ^which is a common adulterant — ^in citric acid may be detected 
by the addition of potassium acetate, the acid potassium citrate thus formed being readily 
soluble, whilst acid potassium tartrate is only slightly soluble. Minimal quantities of tartaric 
acid may be also detected as follows : 1 gram of the powdered substance is heated for a few 
minutes on the water-bath with 1 c.c. of 20 per cent, ammonium molybdate solution and a few 
drops of 0*25 per cent, hydrogen peroxide solution; in presence of even 0*001 gram of tartaric 
acid, a bluish coloration is obtained. The presence of oxalic add is easily discovered, since 
in the cold and in ammoniacal solution calcium oxalate is insoluble, whilst calcium citrate is 
soluble. 

2 The lemon orchards in Sicily are found especially on the coast from Palermo to Cefalh 
(about one-fifth of the total production of lemons and oranges) and on the coast near Messina 
(more than double that of Palermo-Gefalh), usually on irrigated lands, but sometimes in cool 
non-irrigated districts. The stocks are obtained from the seed of the wild orange (called by the 
Sicilians arancio agro, or sour orange). The plants from these seeds are planted out in the orchards 
in their third year and are placed from 3 to 5 metres apart, according to the nature of the soil, 
to the wind, and to custom. After a year the stock is grafted from, an adult plant. Fructifi- 
cation occurs after a further three years and reaches its maximum in ten years. The flowering 
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already about double that of Sicily. It is pleasing to note that plantations of oranges 
alone are being more and more largely replaced by those of lemons. 

In German East and West Africa, plantations of lemons were advantageously replacing 
those of rubber before the war. 

Only the refuse lemons (one-fourth of the total production) are used for the manufactui’e 
of citric acid, as they cost only one-half as much as the picked fruit. 

The first operation to which the lemons are subjected is peeling, a workman removing 
the peel with three cuts of a knife, cutting the lemon in two and throwing it into a tub ; 
the peel is collected separately for the preparation of essence. A skilled operative can 
peel more than 4000 lemons a day. Erom 8000 lemons, pressed in a suitable press, 700 litres 
of juice, containing 4-5 to 6 per cent, of citric acid, are obtained ; only 9 to 10 per cent, 
of the total acid exists as calcium citrate.’- The juice docs not keep well (better if 


of the lemons on the same plant is progressive and lasts the whole of May ; from the latter half of 
June to the beginning of October the plants are watered every fortnight. The maturation 
of the fruit is gradual from November to the end of April and the harvest is gathered in throe 
periods, the best fruit being those of the middle one — ^December to Eebniary ; the last fruit, 
plucked in April and the beginning of May, are poorer in juice and thicker in tho peel. In the 
coast district of Messina, the harvest finishes at tho beginning of March. 

Lemons have also been forced in Sicily during the past few years, the highly valued summer 
fruit being thus obtained; these are called verddli (high quality) and bianclicUi (lower quality). 
In this case the plants are not watered during June and July, the leaves withering and all the 
young fruit falling. In August, water in abundance is given at intervals, and sodium nitrate 
applied as fertiliser. The plant then suddenly becomes very vigorous, and in a few days is 
covered with new flowers, the fruit ripening rapidly from the end of May to the close of the 
summer, and that gathered in Juno or July being of the highest quality. Such plants give an 
increased crop, especially if manured, and the fruit commands more than double tho ordinary 

S lices, This procedure is followed in orchards where the soil is not moist and can bo left to 
ry completely and where the lemons are not alternated with oranges or other crops requiring 
watering. 

Under favourable conditions, a good lemon plant should yield on an average 1000 lemons 
a year (some very large plants give several thousands). The price varies considerably, 8-9. to 
IG 5 . per 1000 being paid for the"^ fruit on the tree and as much as 24s. for the gathered fruit; 
forced lemons cost at least 206’. per 1000, the price in 1907 exceeding 40s. The cost of gathering, 
packing, and freight to the port varies from Is. 7d. to 3s. 2d. per 1000. The refuse lemons, which 
form about one-fourth of the crop (or more if the demand for lemons is small), cost about half 
as much as the other fruit (5s. to 6s. per 1000 on the average), although on rare occasions the 
price roaches 8s., and in 1908, at tho height of the crisis, it fell to 2s. per 1000. 

^ Fresh lemon juice contains also 7 to 9 per cent, of glucose, 0-2 to 0'8 per cent, of saccharose 
(according as the lemons are sour or ripe), certain extractive, gummy, and pectic substances 
(about 0*2 per cent, for ripe and 0-8 per cent, for unripe fruit), and about 0-5 to 0*7 per cent, of 
inorganic salts. The presence of these substances renders it impossible to oiystallise the citric 
acid merely by concentrating the juice, even when all the glucose is transformed into alcohol 
(5 to 6 per cent.), so that, even at the present time, the citric acid is separated by Scheelo’s 
classical and rather costly process, according to which it is first converted into calcium citrate. 
The high price of fuel has prevented the establishment of the citric acid industiy in Sicily, and 
the preparation of the acid has been monopolised for a long time by England and, at the present 
time, largely by Gennany. Both these countries receive the raw material from Sicily, to a small 
extent as lemons packed in barrels containing sea-water, partly as concentrated juice {agro 
cotto), but mostly as calcium citrate. 

In consequence of the development of lemon-growing in Spain, and especially in California 
and Australia, and also owing to an agreement entered into by the manufacturers of citric acid, 
the condition of the Sicilian growers became so critical that in 1903 the Italian Minister of 
Agriculture ofiered a prize of £6000 for improvements in tho industry or now processes of value 
to the cultivators. This sum was largely wasted by Commissions who achieved nothing or by 
rewarding certain favoured individuals. However, at the end of 1904, Professor Hestuccia, 
of Messina, announced to the Government the discovery of a process for tho direct extraction of 
citric acid by simple concentration of the juice, to which was previously added a trace of a 
substance — the nature of which he did not reveal (picric acid !)— and a little animal charcoal, 
but this process only led to further waste of money. 

In 1910, Pera toner and Scarlata suggested the following new process for extracting the 
essence and citric, acid from the lemons directly, without conversion of the acid into the calcium 
salt. The juice obtained by squeezing the minced lemons in hydraulic presses is partly distilled 
in a vacuum on a water-bath at 60° to recover the essence and then concentrated in vacuo at 
70° until it acquires a syrupy consistency (one-tenth of the original weight). When tho syrup 
is cold, all the citric acid is extracted by treatment -writh a mixture of alcohol and ether, in which 
many of the impurities are insoluble. The alcohol and other arc recovered by distillation, and 
the residue diluted with a little water' filtered, and concentrated in vacuo ; after standing for 
twelve to twenty-four hours it sets to a yellowish red ciy&tailine mass which, after defecation 
and decolorisation in the ordinaiy way (animal charcoal, etc.), gives pure colourless ciystals, 
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pasteurised at 63° to 65°), and is usually concentrated at once in open pans with direct- fire 
heating until the specific gra\aty reaches 60° on the citrometer (1-2394, or 28° Be.), and the 
product represents a blackish decoction containing 300 to 400 grams of citric acid per litre 
(that from the bergamot of Calabria and Messina contains 300 grams, while that produced 
in the Sandwich Islands and in the Eepiiblic of Dominica from lemons of the Ihnetta species 
has a density of 1-32 and contains about 575 grams of citric acid per litre). The boihng 
decoction is passed through a cloth and is collected in casks for transport. 

The commercial \^alue of the juice [agro cotto) depends on the content of citric acid, 
and is determined either by diluting the juice and titrating with normal caustic soda or 
by precipitating in the hot as calcium citrate and weighing the latter. This estimation 
is preceded by a qualitative examination to ascertain if salt has been added to increase 
the specific gravitj’’ (test with silver nitrate in presence of a Uttle nitric acid) or if sulphuric 
or hydi-ochloric acid has been added to raise the degree of acidity (test with silver nitrate 
or barium chloride in presence of a little nitric acid). 

In the large modern factories, the juice is treated in almost the same manner as in the 
manufacture of tartaric acid (.see p. 407) : into lOO-hectohtre masonry vessels provided with 
stirrers and cold-Avater coils are placed 20 hectohtres of concentrated juice and SO hectolitres 
of water, the liquid being then well mixed for thirty minutes and allowed to ferment, the 
glucose being thus converted into alcohol and the juice clarified. By passing very cold 
water through the coil the temperature of the liquid is lowered to 5°, and a large part 
of the dissolved and suspended extractive and mucilaginous matters separated ; in presence 
of a little tannin, these matters coagulate and do not redissolve (50 litres of sumach extract 
at 10° B4. are sufficient, the liquid being stirred for fifteen to twenty minutes immediately 
after the addition). The solution is then passed to the filter-presses and thence into 
20-hectolitre wooden vats or into brickwork vessels similar to the preceding ones, but 
provided with perforated coils for direct-steam heating. The boiling liquid is now 
neutralised exactly with dense milk of lime or with powdered calcium carbonate. The 
latter causes frothing and sometimes overflow of the liquid, but precipitates a purer 
calcium citrate, whilst the. hydroxide throws down many pectio and colouring matters. 
In some cases two-thirds of the acidity is neutralised vfith calcium hydroxide and the 
remainder by the carbonate. For every 100 kilos of citric acid present (titrated) 45 kilos 
of quicldime (57 of slaked lime or 80 of the carbonate) are added. After stirring while 
hot, the insoluble tricalcic citrate — ^which forms immediately — is passed at once through 
the filter- presses and washed for ten minutes with very hot water, for ten minutes with 
tepid water, and for five minutes with cold water, which should remain almost colourless. 
In some parts of iSicily, calcium citrate is prepared in a primitive method (with slaked lime 
often containing magnesia, which yields soluble magnesium citrate, this being lost) and 
is sold dry with a content of 64 per cent, of citric acid. 300 Idlos of calcium citrate of this 
strength require, on the average, 100,000 lemons, the peel of which yields 37 kilos of essence, 
selling at 6s. 4d. per kilo."^ The total cost of manufactming calcium citrate and essence 


the yield being 60 to 70 per cent. The remaining acid may be separated from the mother-Hquor 
as citrate. 

In spite of the favourable opinion expressed by Professors Garelli and Patemo, this process 
does not seem to have been applied practically. 

Meanwhile the crisis in the citrus industry, which had apparently lessened as a result of the 
good crops and prices of 1906 and 1907, became aggravated in 1908 owing to the diminished 
demand for lemons, to the American crisis, to the agreement between the producers of citric 
acid to limit the amount of raw material required — thus lowering prices and exhausting the 
usual stocks of treated products— and, finally, to the abundant production, since refuse lemons 
did not sell for 2s. 6d. per 1000 at the beginning of 1908 and did not pay for gathering.^ 

Various measures have been taken by the Italian Government to protect the citric acid industry 
in Sicily, but it should be possible, in the present advanced condition of technical chemistry, 
to develop this industry without such aid. The sulphuric acid required is now made in Sicily 
itself, and by the use of multiple-effect evaporating plant, the consumption of coal may be reduced 
to a minimum. In 1911 a large citric acid factory was erected in the vicinity of Palermo by the 
firm of Goldenberg, from Winckel, near Wiesbaden (6'ee later). 

1 Oil of lemon is extracted from the skin and peel by pressing the latter by hand against a 
sponge and then separating the liquid from the sponges ; this liquid deposits the residues on 
standing and is afterwards decanted off and filtered. In place of this hand -pressing, which 
yields 0-15 per cent, of oil, special machines are used in some factories. From the waters (on 
standing) and from the residues remaining after decantation (by pressing), an inferior oil is 
recovered. Distillation of such waters yields distilled oil, which is not of very high quality. 



416 


ORGANIC CHEMISTRY 

from 100,000 lemons was, before the war, about £10. The cakes of calcium citrate from 
the filter-presses are mixed in 20-hectolitre lead-lined vessels with 15 hectolitres of cold water, 
the lime of the citrate being then neutralised exactly with dilute sulphuric acid (1 : 5) 
(with 100 kilos of citric acid in the juice correspond 400 kilos of this dilute acid) ; a slight 
excess of sulphuric acid is always added, since the presence of unaltered calcium citrate 
would hinder the crystalfisation of the citric acid. 

The acid is added in portions at the rate of 5 litres per minute, the liquid being kept 
well mixed and direct steam applied through a perforated leaden coil. The mass is boiled 
for ten to fifteen minutes, the steam being then suspended and the whole mixed for thirty 
minutes. The calcium sulphate is then removed by means of a filter-press and is washed 
with 200 litres of boiling water, which is added to the first filtrate, and then with cold 
water, which is afterwards used for treating fresh calcium citrate. The citric acid solutions 
from the filter-presses contain only minimal quantities of sulphuric acid and certaj^n 
blackish extractive matters. Concentration of the solution was formerh?' carried out in 
lead-lined wooden vessels, 4 metres long, 2 metres wide, and 25 cm. deep, containing 
closed steam coils. Evaporation should be rapid and the temperature should never 
exceed 65° to 70°. When the liquid reaches 46° (sp. gr. 1*3), almost all the calcium 
sulphate previously remaining in solution separates; the clear liquid is then siphoned 
into a similar vessel underneath, the concentration being continued until a crystalline 
skin forms at the surface of the liquid, which is next transferred to wooden crystallising 
vessels, 2 metres x 70 cm. x 20 cm. (deep) ; the inner surface is polished with plumbago. 
After two days, the dark brown mother-liquors are removed and the yellowish-brown 
crystals centrifuged. In order to separate traces of dissolved iron from the inothor-liquor, 
this is treated with a little potassium ferrocyanide and filtered; two or three further crops 
of dark- coloured crystals are obtained, the very dark mother-liquor finally obtained being 
added to fresh lemon- juice. 

In modern factories the citric acid solution, freed from calcium sulphate by filter- 
pressing, is concentrated in vacuum apparatus, just as in the sugar and tartaric acid 
industries, the density 45° to 50° B6'. in the hot being attained. In this way, the temperature 
does not exceed 60° to 65°, and with a triple-efiect apparatus not only rapidity, but also 
economy of fuel is attained {see Vol. I., pp. 563, 568, and also section on Sugar). 

In order to remove the calcium sulphate remaining in solution, the concentration is 
effected in two phases : in the first to 26° to 28° B6., the liquid being then cooled in suitable 
vessels in which the gypsum deposits ; the residual liquid is then concentrated further to 
48° to 50° Be. This liquid is discharged into the crystallising vessels, which are of lead-lnied 
wood and of large surface; the mother-Hquors are reconcentrated and recrystaUised two 
or three times, and are finally worked up to crude calcium citrate. The blocks of crystals 
left in the crystallising vessels are broken up with wooden mallets and centrifuged. 


In 1912, Messrs. ScMmmel and Company obtained a yield of 0*3 per cent, of the oil from the 
peel by chopping the latter fine, making a liquid paste with water and distilling at a pressure of 
50 to 60 mm.; oil thus prepared does not keep so long as the pressed oil (at most a year). 
Immature lemons gathered in Decern ber-February yield the finest essence (about 450 grams per 
1000 lemons). The oil is stored in tinned copper vessels and is sold by the old English pound 
of 12 ounces or 318 grams. Its density is 0-854 to 0*861, and its rotatory pover -f 00° to + 64° 
in a 10 cm. tube at 20°, and it distils mostly between 173° and 178°. It is yellow and undergoes 
change in the air and light. It dissolves easily in absolute alcohol, ether, benzene, or 5 vols. 
of 90 per cent, of alcohol. It contains about 90 per cent, of limonene and 5 to 8 per cent, of 
citral, and it is often adulterated with oil of turpentine, lemon teipcnes or oil of orange. By a 
law passed in 1897, such adulteration is forbidden. 

Deterpened essence, obtained by distilling from the oil in a vacuum 80 to 90 jier cent, of the 
terpenes and distilling the residue in a current of steam, is a yellow oil of sp. gr. 0-89, with an 
intense smell of lemons, and is highly soluble in alcohol; it consists mostly oi citral. 

Its exijortation, for making perfumes, pastry and beverages is as follows (kilos) : 


Oil of orange 
„ bergamot 
„ lemon 


1908 

173,265 (£152,473) 
74,842 (£95,798) 
476,842 (£228,884) 


1910 1912 

143,285 53,803 

64,788 71,343 

425,076 517,596 


im 1911 

48,103 42,838 

63,093 61,757 

456,303 603,000 


1915 191G 1917 

70,672 96,057 72,347 

105,553 157,165 133,800 

744,000 655,522 522,486 


1918 

312,820 (£557,948) 
821,809 (£2,136,703) 
1,629,740 (£717,086) 


Oil of orange 
,, bergamot 
,, lemon 
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The brown crystals first obtained are refined and decolorised by dissolving them in 
rather more than double their weight of water (to a solution of 20° Be.) and boiling the 
solution with animal charcoal previously treated with hydrochloric acid, as already 
mentioned in considering the refining of tartaric acid (p. 404). 

The hot liquid is filter-pressed under low pressure and is re-filtered until it becomes 
clear and free from particles of charcoal. The filtrate is concentrated in a vacuum at 
about 60° to 65° until crystals of citric acid form, and is then heated to 90° and discharged 
into lead-lined w'ooden crystallising vessels, in which it is stirred at intervals so as to obtain 
small crystals ; after forty-eight hours these are centrifuged and washed in the centrifuge 
with pure citric acid solution ^ just as is done with sugar (see later). 

If chemically pure citric acid free from metals is required, the concentration is carried 
out in thickly- tinned vessels and the crystallisation in wooden vessels ; the traces of iron 
present are eliminated by addition of a little potassium ferrocyanide and sodium sulphide. 

In all the washing and refining operations, pure water with little hardness is always 
employed. 

STATISTICS AND PRICES. The importance of the Italian citrus industry is shown 
by the following figures ; ' 



1909 

1911 1913 

1914 

1915 

1916 

1917 

1918 

Output of citrus fruits (tons) . 

8,400 

7,865 8,765 

8,016 

7,591 

7,000 



— 

Area under cultivation (hectares) 

— 

113,000 108,400 



108,400 







Expoitation of oranges (tons) . 

110,899 

128,343 130,600 

133,080 

129,161 

104,290 

34,662 

42,558 

„ value, fi 

443,600 

924,080 1,044,802 

1,330,805 

1,291,614 

1,251,480 

830,856 

406,880 

„ of lemons (tons) . 

256,003 

258,689 304,541 

308,389 

204,992 

209,804 

150,291 

91,169 

„ value ^ . 

921,826 

1,448,660 1,949,062 

2,220,400 

1,639,938 

1,678,440 

2,104,072 

2,176,368 


Spain exported 92,900 tons of oranges in 1889, 300,000 tons in 1899, 470,400 'tons in 
1908, and 600,000 tons (about £2,200,000) in 1912. 

Before the war France produced about 2000 tons of oranges per annum. 

In 1912 California exported 400,000 tons of oranges. 

In Florida the orange crop amounted to about 170,000 tons (5,000,000 boxes) in 1894- 
1895, but the exceptional frost of the following winter destroyed almost all the trees 
and the crop was reduced to 2500 tons. The trees were afterwards replaced and the crop 
reached about 165,000 tons (£880,000) in 1909 and almost 270,000 tons in 1912-1913. 

The citric acid imported into and exported from Italy (Calabria and Sicily) was as 


follows ; 

1908 

1910 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

Imports (tons) 

164 

109 

127 

105 

32 

18 

26 

_ 

_ 

Value, £ 

24,332 

— 

18,870 

— 

7,040 

5,370 

7,890 

— 

— 

Exports (tons) 

2-3 

0-8 

2-3 

220 

599 

755 

1,045 

832 

754 

Value, £ 

— 

— 

— 

32,634 

131,736 

226,650 

313,380 

349,440 

316,596 


The output of citric acid in Italy in 1912 was still below 200 tons, and in 1914 it reached 
800 tons, the capacity of the factories being 1600 tons. 

The Sicilian exports and imports of calcium citrate (in casks called ^ipes^ holding 
305 kilos) 2 were as follows (especially to the United States, France, and Great Britain) ; 



1905 

1908 

1910 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

Tons 

4126 

7710 

6476 

7680 

3813 

6688 

6704 

7279 

5838 

3736 

Value X £1000 

181 

401 

414 

488 

242 

428 

609 

653 

724 

463 


^ Wliile in other years the picked lemons for use as fruit sold for 12s. or even 16s. per 1000 
{i. e., 14 cantaros = about 125 kilos), and the forced fruit for as much as 32s., the quotations 
in July "1908 were as follow : ripe lemons (gathered in winter and spring), 6s. 4d. to 8s. per 1000 ; 
verdelli, 17s. 6d. to 20s. ; bianchetti, 8s. to 10s. ; for pressing, 2s. to 2s. 4d. Subsequently 
prices have always been higher. , , . , , • j. t • 

2 M. Spiea (1910) has suggested a simple, rapid, and exact method for the analysis of calciim 
citrate^ the content of citric acid being obtained from the volume of carbon monoxide generated 
when the citrate is heated with concentrated sulphuric acid. Two grams of the citrate, mois- 
tened in a flask on the water-bath, are treated with 25 c.c. of concentrated sulphuric acid. By 
means of a current of carbon dioxide, all the carbon monoxide is driven into a nitrometer similar 
to that illustrated in Fig. 16 (p. 11), the carbon dioxide being absorbed in caustic soda.^ Each 
cubic centimetre of CO at 0° and 760 mm. corresponds with 0-009407 gram of citric acid, 
CsHgOy -f HgO ; the method cannot be used with citrate adulterated with oxalate or tartrate. 

VOL. II. 
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The output of calcium citrate in Sicily in 1913 was 6000 tons, besides 800 pipes of con- 
centrated juice ; in 1914 the output was 6687 tons, and in 1918, 9087 tons {see note, p. 414). 
The mean price fixed was £52 per ton in 1905, £80 in 1907, £50 in 1909, and £53 125. in 
1910. In 1909, owing to the economic crisis, exportation diminished considerably and in 
certain months the price fell to £40 per ton. During the war the sale price for the citrate 
(64 per cent.) was fixed at £280 per ton for the years 1917-1919. 

The agro coito exported in 1905 amounted to 1200 tons (£35,520), and in 1908 to 750 tons 
(£22,000); subsequently practically only calcium citrate was exported. 

In 1913, the freight for calcium citrate from Sicily to Marseilles was about IO5. per ton, 
and to London I65. 

In 1903, 281 works in Calabria and Sicily for the preparation of agro cotto employed 
a total of 4000 workmen and 240 h.p. 

The annual production of refined citric acid in Europe was about 4000 tons in 1913, 
and the price varied from £108 to £140 per ton. In general the price rises and falls with 
that of tartaric acid, the difference between the prices of the two acids being due to the 
different degrees of acidity (3 carboxyls in one case and 2 in the other) and molecular 
weights [152 for tartaric acid and 210 for citric acid (-{- HgO)].” 

If all the juice transformed into calcium citrate for exportation were treated in Sicily, 
the annual output would amount to 3000 to 4000 tons of citric acid, which would suffice 
to supply the whole of Europe. 

The Erench imports and exports are as follows (tons) : 

1913 1914 1915 191G 

134 58 19 146 

31 12 11 131 

29 58 37 95 

452 249 272 207 

In the West Indies the crude citrus materials produced corresponded with 1000 tons 
of calcium citrate in 1913 and with 1200 tons in 1914. 

The Argentine imported 111 tons of citric acid in 1910 and 208 tons in 1911. 

Eor Germany the imports and exports are as follows (tons) ; 



1902 

1905 

1909 

1910 

1911 

1912 

1913 

Imports . 

. 306 

— 

193 

206 

178 

162 

310 

Exports . 

. 163 

379 

358 

381' 

553 

550 

528 


In addition, 360 tons of lemon juice were imported into Germany in 1908 and 170 tons 
in 1909. 

The import duty in Italy was formerly £4 per ton, but was raised in 1909 to £20 to protect 
a large factory, with £40,000 capital, erected in 1910-1911 near Palermo by the firm of 
Goldenberg ; during the war this factory became solely Italian, with the title Fabbrica 
Chimica Axenella, and it now supplies Italian needs and is able to export a considerable 
quantity of citric acid {see above). 

In Austria there are two citric acid factories, which, in 1906, imported 54 tons of calcium 
citrate from Sicily, 145 from Turkey, and 435 from Greece. France has two factories, 
these importing 1811 tons of Sicilian calcium citrate in 1906. In Germany there are nine 
citric acid works and four of pure citrates, 1318 tons of Sicilian calcium citrate being imported 
in 1908. In England there are ten works, almost all in London. The United States have 
three very large factories which produce more than 1000 tons of citric acid and import also 
a certain quantity from Europe, although the protective duty is £31 IO5. per ton; calcium 
citrate, which is all imported (in 1911 about 2800 tons, of the value £160,000), is free from 
duty. 

SALTS OF CITRIC ACID. Being tribasic, this acid forms three series of salts, as 
well as two different monosubstituted acids and two disubstituted acids. The alkali 
salts are all soluble in water, almost all of the others being insoluble, although dissolving 
in alkali citrates owing to the formation of double salts ; in such solutions, the metals 
are no longer precipitable by ammonia, phosphates, or alkali carbonates. When heated, 
many citrates give salts of aconitic acid. 

CALCIUM CITRATE, (CgHgO^lgCug + 4H2O. If calcium hydi’oxide is added to a 
dilute solution of citric acid, no precipitate forms in the cold but one separates in the hot. 


Citric acid 


Juioe 

(^exported 

Crystak(“P°7®^ 

exported 
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In presence of ammonia, calcium chloride gives no precipitate in the cold, while that 
formed in the hot partly dissolves on cooling but does not dissolve in caustic soda, and 
so differs from calcium tartrate (see p. 401). In moderately concentrated solutions, 
calcium chloride precipitates calcium citrate, although incompletely, even in the cold; 
in the hot, precipitation is complete. The water of crystallisation is wholly expelled at 
about 200°. 

Calcium citrate is soluble in ammonium citrate with formation of a double salt 
precipitable by alcohol. 

The manufacture and statistics of calcium citrate are considered above. 

BARIUM CITRATE is less soluble in cold water than the calcium salt. 

MAGNESIUM CITRATE, (CgHgO^lgMgg, is formed by dissolving magnesium car- 
bonate in citric acid solution. It is used as a purgative and is then prepared by heating 
a mtxture of 105 parts of powdered citric acid with 30 parts of magnesium oxide cautiously 
at 100 to 105 , pouring the fused mass on to porcelain tiles and powdering when cold. 
Large quantities of effervescent magnesia are prepared nowadays as a purgative and 
refreshing drink by mixing magnesium citrate with sodium bicarbonate and small pro- 
portions of citric acid and sugar, and granulating the mass with addition of a little glucose. 
Citric acid and, to some extent, magnesium citrate are often adulterated with tartaric 
acid, which is cheaper. 

CITRATE OF IRON is obtained as a dark red colloidal solution by dissolving ferric 
hydroxide in cold citric acid solution. Such solutions of different concentrations give, 
on heating, various citrates of iron which are soluble in ammonium citrate and more or 
less soluble in water, and have been studied in recent years in relation to their colloidal 
character. 

Of the HIGHER POLYBASIC HYDROXY-ACIDS the following may be mentioned : 
Desoxalic acid, CO 2 H • CH(OH) • C(0H)(C02H)2, which forms deliquescent crystals and, 
when boiled with W'ater, loses COg and gives uvic acid ; hydroxycitric acid (dihydroxytri- 
carballylic acid), C 3 H 2 ( 0 H) 2 (C 02 H) 3 , found in the beet; aceionetricarboxylic acid and 
various ajoids which contain four, five, or even more carboxyl gi’oups and are of synthetic 
and not of natural origin. 

IV. THIO-ACIDS AND THIO-ANHYDRIDES 

These may be regarded as acids or anhydrides in which an oxygen atom is replaced by 
sulphur, as in THIOACETIC ACID (Ethanthiolic Acid), CHg • CO • SH, which is obtained 
by the action of phosphorus pentasulphide on acetic acid and is a colourless liquid boiling 
below 100°, giving an odour of acetic acid and hydrogen sulphide ; these two compounds 
are also formed by the action of water on the acid. ETHANTHIOLTHIOLIC ACID, 
CHg • CS • SH, is a dithio-acid, and ACETYL SULPHIDE, (CHg • 00)2$, a thio-anhydride. 
The esters corresponding with these acids, e.g., ETHYL TlllO ACETATE, CHg - CO • SCgHg, 
a liquid boiling unchanged and yielding the acid and mercaptan on hydrolysis, are also 
known. „ 

V. AMIDO-ACIDS, AMINO-ACIDS, IMIDES, AMIDINES, THIOAMIDES, 
IMINO-ETHERS, AND ANALOGOUS COMPOUNDS 

A. AMIDO-ACIDS (AMIDES) AND DERIVATIVES 

Like the amines {see p. 239), the amides may be regarded as derivatives 
of ammonia, the hydrogen atoms of which are replaced, not by alkyl, but by 
acid radicals. 

There are thus 'primary, secondary, and tertiary amides, which are obtained 
by the replacement of one, two, or three atoms of hydrogen, and are sharply 
distinguished from the amines, as they are readily hydrolysed by alkali, acid, 
or superheated water, giving ammonia and the corresponding acids. They 
are generally crystalline substances soluble in alcohol or ether, and the lower 
members, especially of the primary amides, dissolve also in water. Their 
boiling-points are much higher than those of the corresponding amines. 

Amides are also known in which one or two atoms of "the ammoniacal 
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hydrogen are replaced by alkyl radicals, i. e., alkylated amides, e. g., ethyl- 
acetamide or acetyletkylamine, CHg * CO • NH * C2H5, and dimetliylacetamide, 
CHg * CO * ^(CHgjg, from which, on hydrolysis, only the acid is separated, the 
alkyl residue or residues remaining joined to the amino-group, forming 
non-hydrolysahle amines. 

PREPARATION. ( 1 ) By dissolving an alkyl cyanide (nitrile) in con- 
centrated sulphuric acid, either with or without concentrated acetic acid, 
concentrated hydrochloric acid or hydrogen peroxide, a molecule of water 
is added : CHg * CN -f HgO = CHg • CO • NHg. By heating acids or anhydrides 
with nitriles, secondary or tertiary amides are formed. 

(2) The action of ammonia solution or solid ammonium carbonate on 
acid chlorides yields primary amides, whilst, if the ammonia is replaced by 
an amine, an alkylated amide is obtained : 


CHg • CO • Cl -f 2NH3 = NH4CI -f CHg • CO • NH2 

CHg • CO • Cl -f 2NH2 • CaHg = CgHg • NH2, HCl + CHg • CO • NH • CgHg. 

’ Bthylamine hydrochloride Etliylacetamide 

On the other hand, the anhydrides give, with ammonia, the primary 
anhydride and an ammonium salt. 

(3) By heating ammonium salts of the fatty acids in closed vessels at 
about 250°, primary amides are formed : 

CHg • CO2NH4 = HgO + CHg * CO * NHg. 

PROPERTIES. IJnhke the amines, the amides have only a very feeble basic 
character, owing to the presence of the negative acid radical, and only the 
primary ones give additive products with acids, e.g., CHg * CO • NHg, HCl, 
acetamide hydrochloride, which is decomposed even by water. ' Also certain 
sodium and mercuric derivatives are knofvn, e. g., (CHg * CO ' NH)2Hg, which 
exhibit the amides as feebly acid compounds, one of the hydrogen atoms of 
the amido-group being replaceable by metals. 

With nitrous acid, amides react similarly to primary amines, giving the 
acid and hberating nitrogen: 

CHg • CO ' NH2 -f NO2H = HgO + N2 + CHg ‘ COgH. 


Removal of water from primary amides by means of phosphorus penta- 
chlotide or pentoxide results in the formation of alkyl cyanides (nitriles). 

By the gradual action of bromine in presence of alkali, the corresponding 
amine with one less carbon atom is finally obtained, while urea derivatives, 


I, , 17.7 ^n^NH-COCHg 

such as methylacetylnrea, j 


are formed as intermediate pro- 


ducts, these being decomposable by excess of alkali ; an intermediate bromo- 


compound, e. g., acelohromamide, CHg * CO * NHBr, is also formed, this giving 


the amine with liberation of COg : 


CHg • CO • NHBr + KOH = KBr -f COg + CHg • NHg. 


When, however, the acid residue contains more than five carbon atoms, 
the nitrile is obtained instead of the amine, which is acted On by the bromine : 
^Ji2n+i ’ CHg * NBrg = 2HBr -{- C,iH2„+-i * CN. Since the nitriles may be con- 
verted into the acids containing one less carbon atom than the amides from 
which they originate, it is hence possible to 'pass gradually jrom higher acids 
to more and more simple ones. . 

The ready hydrolysability and the methods of formation of amides confirm 
their constitutional formula, X * CO • NHg. With the alkali salts, however, the 
existence of the isomeric modification, X * C(OH) : NH [see Tautomerism, 
pp. 18 and 394) is assumed, but if the hydrogen of the hydroxyl or amino- 
group is replaced by an alkyl residue, no tautomeric forms occur, only true 
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structural isomerides, X • CO • NHR and X • q(OR) : NH. The latter are termed 
mmo-ethers and are derived from the hypothetical imino-hydroxides of the 
acids, e. g., CH3 • C(OH) ; NH. They are prepared by the action of a nitrile 
on an alcohol in presence of gaseous hydrogen chloride; thus, with HCN 
the hydrocMoride of formiminic ether, CH(OC2H5) : NH, is obtained as a white 
powder. 

It is worthy of mention that Elffront decomposes amino-acids on an 
industrial scale by means of special ferments so as to obtain fatty acids and 
ammonia from them [see pp. 183 and 348). 

FORMAMIDE (Methanamide), H • CO • NHg, prepared as described above, is a liquid 
which is soluble in water and alcohol, boils at 200° with partial decomposition, and gives 
ammonia and carbon monoxide when rapidly heated ; with it yields HCN, and with 
chloral, an additive product, chhralamide, which is used as an antiseptic and hypnotic. 

ACETAMIDE (Ethanamide), CHg • CO • NHg, forms needles melting at 82° and boils 
at 222°. Diacetyl-derivatives ^ are obtained less easily. Diacetamide, (CHg • CO) 2 NH, melts 
at 78 , boils at 223 , and is obtained by heating acetamide with acetic anhydride. 

OXAMIC ACID, COgH • CO • NHg, is the monamide of oxalic acid and is obtained as a 
white, crystalline powder, slightly soluble in cold water, when ammonium oxalate is heated. 

OXAMIDE, NHg * CO • CO • NHg, is the diamide or normal amide of oxalic acid, and 
is obtained by the partial hydrolysis of cyanogen or by distillation of ammonium oxalate. 
In appearance it closely resembles oxamic acid and it is insoluble in water or alcohol and is 
readily hydrolysed ; elimination of water (by PgOg) from it leads to cyanogen (see p. 240). 

SUCCINAMIC ACID, COgH • CHg • CHg • CO • NHg, is analogous to oxamic acid, and 
succinamide, NHg * CO • CHg • CHg • CO'NHg, is prepared similarly to oxamide, to which it is 
analogous ; succinamide crystallises from water in shining needles, and decomposes at 
200° into ammonia and succinimide. 

Of the amides of hydroxy -acids, only the following need be mentioned : 

GLYCOLLAMIDE, OH • CHg • CO • NHg, which is obtained by treating the ester of 
glycollic acid with ammonia or, better, by heating ammonium tartronate at 150°, melts 
at 120° and has a sweet taste. The diglycollamides, NHg • CO • CHg • 0 • CHg • COgH and 
(CHg • CO • NH2)20, are also known, the latter, on heating, giving ammonia and diglyooh 

limide, . ^Qi>NH, which melts at 142°, 

MALIC ACID, COgH • CHg • CH(OH) • COgH, forms two amides by means of its two 
carboxyl groups, an amine by means of its alcoholic group (aspartic acid), and also an 
amino-amide (asparagine). 

MALAMIC ACID, NHg - CO • CHg - CH(OH)- COgH, is known best as its crystalline 
ethyl ester, which is formed by the action of ammonia on an alcoholic solution of ethyl 
raalonate. 

MAL AMIDE, NHg - CO - CHg • CH(OH) * CO • NHg, is formed by the action of ammonia 
on ethyl malonate in the dry state. 

B. IMIDES AND IMINO-ETHERS 

Attention must be drawn, not so much to the secondary amides [in which 
two hydrogen atoms of ammonia are replaced by two acid residues, as in 
diacetamide, (CH3 • CO)2NH, which contains the iminic group, NH] or to the 

tautomeric form of the primary amides (with X'Cf corresponds the 

^ In general, diacetylamines or diacylamines of the fatty or aromatic series are obtained by 
one of the following methods : (1) By heating isocyanic esters with acetic anhydride; (2) by 
the action of a current of HCl in the hot on the primary amides : 2CH3 - CO • NHa 4 * HCl — 
’■(CHg • CO hNH -b NH4CI; part, however, undergoes decomposition : (CHg • CO)2NHz=;CH3 • CN ■+• 
CHg • CO 2 H; (3) from amines and acid chlorides, either with or without pyridUne ; (4) by heating 
nitriles with acids ; (5) by heating amines with acetic anhydride in a sealed tube at 200° ; from 
urea and acetic anhydride in the hot, etc., etc. 

The melting-points of some acylamines are as follows : lutyramide, 115°; dibutyramide, 107° ; 
isohutyramide, 129°; di-isohifyramide, 174°; frapiommide, 79°; diproponamide, 163°. 
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/OH ,OR 

isomeride X • Cy , wiiicli is well known in the form of imino- ethers, X * , 

/OH 

or, in the case of the imidohydrm of gly collie acid, OH * CHg * , in the 

^NH 

free state) as to the iniides of certain dibasic acids. 

CO/ 

OXIMIDE, I yNH (perhaps with the double formula), is formed on 
CO^ 

elimination of water from oxamic acid (by PCI5). 

CH 2 • CO/ 

SUCCINIMIDE, I yNH, is obtained by heating succinic anhydride 

CHg ‘ CO^ 

in a current of ammonia or by heating the diamide or rapidly distilling mono- 
ammonium succinate, as has been mentioned on p. 365, where the reason was 
given for the ready formation of the closed-ring internal anhydrides. 

' Succinimide melts at 126° and boils at 288°, crystallises with iHgO and 
exhibits the characters of an acid, the iminic hydrogen, influenced by the t'wo 
carboxyl groups, being replaceable by acids. On the other hand, when they are 
treated with alkali, these imides give the amides from -which they originate, 

CH2 • CO/ CHg • COgH 

a molecule of water being added : | /NH -f HgO = | 

CHg-CO^ , CHg-CO-NHa 

It is interesting that, when succinimide is distilled over zinc dust, it yields 
CH : CH/ 

pyrrole, \ /NH, while, if it is heated in alcoholic solution with sodium 

CH : CH^ 


CH2 • CH2/ 

(reduction), it gives Pyrrolidine, ] yNH. 

CHa-CHg^ 

CHg-CO/ 

Also Phenylsuccinimide (Succinanil), | ylST • C^Hg, is known and its 

CHg-CO^ 

various transformations confirm the symmetry of its own structure and 
consequently also that of succirdmide. 

CH * ro 

GLUTARIMIDE, obtained by distilling ammonium 

glutarate; it melts at 152° and gives a little pyridine when heated with zinc 
dust. 


C. AMINO-ACIDS AND THEIR DERIVATIVES 

In the amino-acids, it is the hydrogen in chrect union with carbon that is 
replaced by the XHa-group, the carboxyl group rcmaiinng intact, so that 
these compounds have both acidic and basic functions, and may hence be readily 
separated from other substances, since after the carboxyl is esterified, salts 
such as the hydrochlorides of the amino-group are formed. 

These substances and their derivatives are of considerable importance in 
animal and vegetable physiology, since they are found among the products 
of the gradual synthesis and decomposition of the proteins in the living 
organism; they are also of interest theoretically, as they form intermediate 
products in various chemical syntheses. 

The a-amino-acids are readily obtained by the action of ammonia on the 
cyanohydrins of ketones and aldehj^des and hydrolysis of the remaining 
nitrile group : 
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yOH 

CFg-C^H +NH3 = H20 + CH3-CfH ' 

\CN \CN 

Nifcrile of lactic acid ^TitrOo of alanine 

/NHa NF, 

CFs-C^H +2F30 = NH3 + CF3-CfH 

^CN \cO3F 

Alanine (a-Ajninopropionic acid) 

They are also formed generally by reducing the oximes of ketonic acids 
or, better, by the action of ammonia on halogenated acids : 

^ CO^H • CHgCl + KE3 = HCl + CO2H • CHg • 

We may also mention the interesting Korner-Menozzi reaction {set note, 
p. 375), which allowed these authors, by inverting the reaction, to pass from 
the esters of unsaturated acids (fumaroid or maleinoid form) to a single form 
of the corresponding saturated amino-acids by simple treatment with ammonia 
(or even an alkylamine in alcoholic solution). 

PROPERTIES. With nitrous acid, the amino-acids give hydroxy-acids 
with elimination of nitrogen, and they give many reactions analogous to those 
of the hydroxy-acids and varjdng with the position of the amino-group. 

Two molecules of an a-amino-acid readily lose 2 mols. of water, giving a 
kind of anhydride with an imidodretonic character : 

CO2H • CH2 • NEg CO • CS2 • NH 

= 2H30+| I 

CSa-COgE NS-CEg-CO 

The y-amino-acids, however, give internal anhydrides analogous to the 
lactones and termed Lactams : 

COgH • CS2 • CE2 • CS2 • NH2 = HgO -f CO • CSg • CB2 • CSg 

-NH 

The /?-amino-acids, when heated, evolve ammonia and give unsaturated 
acids. 

The amino-acids resist the action of boiling alkali solutions, but when fused 
with caustic soda they yield the sodium salts of the monobasic acids, ammonia 
being liberated. On dry distillation (best in presence of bar3rfca) they yield 
amines and CO^, e. g., CH3 • CH{NH2) * CO2H = CH3 * CH^ • NH^ -f CO^. 

The stereoisomerides may be separated by means of the strychnine or 
brucine salts, etc. 

GLYCOCOLL (Glycine, Aminoacetic or Aminoethanoic Acid, or Amine of Glycollic 
Acid), COgH • CHg- NHg, is formed on boiling gelatine with alkali [Ba(OH)2] or acid 
(dilute H2SO4) or on heating Uppuric acid (benzoylglycocoll) with dilute acid: 
COgH ■ CH3 • NH • CO • CgHg -h HgO = COgH • CHg • ISTH^ -f CgHg • CO^H (benzoic acid). 
Synthetically it is obtained from monochloracetic acid and concentrated ammonia {see 
p. 385 ); if the ammonia is replaced by methylamine, sarcosine, COgH • CHg • NH • CHg, 
m.-pt. 115 °, is obtained, or if by trimethylamine, betaine {see p. 385 ) is formed : 

COgH . CH3CI -f N(CH3)3 = HCl -f CO • CHg • N(CH3)3. 

6 

Betaine, C5H44O2N, crystallises with iHgO, which it loses at 100 ° or in a desiccator 
over sulphuric acid. It dissolves in water or alcohol, from which it is precipitated by 
ether, or as betaine hydrochloride by hydrochloric acid. This solid hydrochloride is soluble 
in water,' which hydrolyses it to a considerable extent, the solution then behaving like 
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hydro cMoric acid. Owing to this property it is sold, under the name of acldol, in pastilles 
containing exact and suitable doses for stomach complaints, and replaces solutions of 
hydrochloric acid for this purpose ; the same effect as that of the acid is thus obtained 
by use of a solid product. Betaine is a feeble base, and is not decomposed even by boiling 
aqua regia ; at high temperatures it decomposes, giving trimethylamine. It occurs abun- 
dantly in beet-sugar molasses (10 to 12 per cent., besides 1 to 2 per cent, of leucine and 
isoleucine and 5 to 7 per cent, of glutamic acid), from which it is extracted by means of 
alcohol ; after evaporation of this solvent, it is separated as hydrochloride. 

The action of tertiary amines, other than trimethylamine, with monochloracetic acid 
gives various compounds to which is given the name of BETAINES. 

Substitution in the amino -group of the amino -acids also yields other interesting 
compounds, e. g., Aceturic Acid {acetylglycocoll), COgH-CHg-NH-CO-CHg, melting at 206 °. 

The properties of glycocoll and its salts are given on p. 385 . 

In the amino-acid group is also found SERINE or a-atnino-jS-hydroxypropionic acid, 
COgH • CH(NH2) • CHg • OH, which is obtained on boiling silk gelatine with dilute sulphuric 
acid or synthetically from glycollic aldehyde, ammonia, and hydi-ocyanic acid. LEUCINE 
(a-aminoisocaproic acid), C02H-CH(NH2)'CH2*CH(CH3)2, is obtained synthetically by 
hydrolysing the nitrile of isovaleraldehyde-ammonia, and is usually found with glycine 
among the products of decomposition of the proteins by acid or alkali, and is then optically 
active (the carbon atom adjacent to the carboxyl being asymmetric). 

ASPARTIC ACID (Aminosuccinic Acid), COgH • CH2 ‘ CH(NH2) • COgH, is 
one of the most important products obtained by the decomposition of proteins 
by acid or alkah. It occurs in abundance (Isevo-rotatory) in beet-sugar 
molasses, and has been prepared by various synthetic methods, e. g., by the 
action of ammonia on bromosuccinic acid. 

Three stereoisomerides are known, two of them being optically active 
owing to the presence of an asymmetric carbon atom. They are obtained in 
small, tabular, dimetric crystals, soluble to some extent in hot water. Their 
cold solutions and also acid solutions of the dextro-rotatory acid have- a sweet 
taste, but hot solutions or alkaline solutions of the laevo -rotatory acid are 
without taste. 

They give the general reaction of amines and amides vdth nitrous acid, 
’ being converted into malic acid.^ 

The higher homologue of aspartic acid is Glutamic Acid {a-aminoglutaric 
acid), CO2H • CH(]SrH2) * CH2 • CHg * CO2H. 

Among the DI AMINO- ACIDS we have Lysine, CO^H • CH(NH2) * [CHg]^ • NHg, which 
is obtained by the action of acids on proteins or by synthetical methods ; on putrefaction 
it gives pentamethylenediamine. 

Ornithine, COgH • CH(NH2) • [CH2]3 • NHg, is the lower homologue of lysine and gives 
tetramethylenediamine {jputrescine) on putrefaction. 

Taurine {Ethyleneaminosulphonic Acid), SO3H • CHg • CHg • NHa, is found in ox-bile 
combined with cholic acids as taurocholic acid (for properties of taurine, see p. 257 ). 

Cyateine {TUoserine), COoH-CHlNHgl-CHg-SH, is formed by the reduction of 
cystine, COgH • CH(NH2) • CHg • S • S • CHg • CH(NHo) • COgH, which occurs in urinary 
sediments (calculi). 

ASPARAGINE, NHg * CO * CHg * CH(NH2) * CO2H, is the amide of aspartic 
acid. It was first found in asparagus, but is moderately widespread in almost 
ail vegetables (beet, potatoes, beans, vetches, peas, etc.), especially during the 
germination period, and the dry seeds of certain lupins contain as much as 
30 per cent. The constitution of asparagine is confirmed by the various 
syntheses leading to' its production. 

^ By the action of nitrous acid on the ethyl ester of glycocoll, Curtius obtained Ethyl Diazo- 

N\ ... 

acetate, • CO2C2II5, as a yehow oil with a peculiar odour; when heated it explodes, while 

water it loses nitrogen and forms ethyl glycollate, 
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It crystallises with IHgO in Isevo-hemihedral, trimetric prisms, soluble in 
hot water but insoluble in alcohol or ether. 

With aqueous cupric acetate solution, it forms a blue, well-crystallised 
copper salt, (C4ll703N2)2^^j insoluble in water. It is isomeric with malamide, 
from which it differs in the possession of both acid and basic characters. It 
is laevo-rotatory and has an unpleasant, insipid taste, but vetch seedlings 
contain a dextro-rotatory asparagine which has a sweet taste (Piutti, 1886), 
but does not unite with the Isevo-rotatory form — also present in the seedlings 
—to give the inactive modification. Pasteur stated that the substance 
composing the nerves of the palate behaves as an optically active combination 
which acts differently towards the dextro- and laevo- asparagines. 

Asparagine is converted into aspartic acid by hydrolysis and into malic 
acid by the action of nitrous acid. 

ASPARTAMIDE, NHg * CO • CH2 * CH(NH2) • CO • NHg, is the diamide or 
normal amide of aspartic acid. 

Numerous liigher homologues of aspartic acid (Homo-Aspartic Acids) and 
of asparagine (Homo -Asparagines) are known. 

D. AMIDO- AND IMIDO-CHLORIDES 

With both the primary amides and also the alkylated amides, the oxygen is readily 
replaced by chlorine by the action of PCI5. Thus, acetamide gives aceiamido-chloride, 
CHg • CCI.2 * NHg, and ethylacetamide, ethylacetamido-chloride, CHg • CClg • KH • CgHg. Both 
of these compounds readily lose HCl, forming imino-chhndes, e. acetimino-chloride, 
CHg • CCI : NH, and ethylacetimino-chloride, CHg • CCl : N-CgHg. These imino-chlorides, like 
ami do -chlorides,, are readily decomposed by water into hydrogen chloride and amide. 
These chlorinated compounds react easily with aromatic substances and with hydrogen 
sulphide, ammonia, and amines, the chlorine being thus replaced by sulphur or by amino- 
residues, forming thioamides, e. g., CHg • CS • NHX, and amidines, e. g., CHg • C(NH2) : NXg. 

E. THIOAMIDES 

These are well-crystallised compounds, more acid in character than the amides, and 
hence capable of forming metallic derivatives and of dissolving in alkali. Besides by the 
reaction just mentioned they are obtained by the addition of HgS to nitriles: 
CHg • CN + HgS = CHg • CS • NHg {thioacetamide or ethanetMoamide) \ on heating, the 
opposite change occurs. 

Phosphorus pentasulphide replaces the oxygen of amides by sulphur, thus forming 
thioamides. With HoS, isonitriles give the alkylated thioamides of formic acid, 
CN . X -f H2S = H • CS • NHX. 

Thioamides are readily hydrolysed (by alkali, hot water, etc. ), with formation of 
HgS, NHg (or amine), and the corresponding acids ; 

X • OS • NHX' + 2H2O = X • CO2H 4 - NHgX' HgS. 


F. IMINOTHIOETHERS 


The thioamides (and especially their derivatives) can exist in the isomeric or tauto- 
meric form, X • C(SH) : NH, in which the hydrogens of both the sulphydryl and theimino- 
group are replaceable by alkyl groups, Iminothioethers, e. g,, X • C(SX') : NH, being then 
formed. These are prepared by the action of alkyl iodides on the thioamides (also from 
thioalcohols, nitriles, and gaseous hydrogen chloride), e.g., CHg • CS • NHg + CHgl = 
/S • CHg 

CHg - Cq , HI {acetiminothiomethyl Jiydriodide). 

^NH 

The iminothioethers are easily hydrolysed (by HCl), forming ammonia and esters of 


thio -acids ; 


S • CH 

CHg-c/ ®+H,0 = NH3+CH3-C0.SCH3. 
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G. AMIDINES 


When the amides or alkylamides are heated with amine? in presence of a dehydi'ating 
agent (like PCI 3), the oxygen of the amide is substituted by an imino-residue : 

/NH 3 

X.CO.NHg + R-NHa-HgO + X - 

X.C0-NHX'+R.NH2=H20+ x-c/ 

^NR 

These compounds are obtained also from thioamides, isothioamides, iminochlorides, 
or iminoethers by the action of ammonia or of primary or secondary amines : ^ 

.NH 

CHg • CS • ISTHg + NHg — HgS + CHg • {acetamidine or dlimiamidine). 

X-C^ +R*NH 2 =X.C( +HSX'. 

^SX' ^NHR 


When nitriles are heated with the hydrochlorides of primary (of the aromatic series 
also) or secondary amines (not with NH^Q), alkylamidincs are obtained : 

CH 3 • ON + R • NHg = CE 3 • C( : NH)- NHR. 

Properties. The amidines (or ammides) are bases and usually of the aromatic 
series; they are easily hydrolysed (by boiling with alkali or acid), giving (when theiminic 
hydrogen is not replaced by an alkyl group) ammonia (or an amine) and a nitrile; the 
same change occurs on dry distillation. With HgS they give first an additive product : 

/NHX'; 

X-C(:NH).XHX'-hH2S = X.O^SH ‘ 

this product then decomposes in two senses, giving (a) X • CS ■ NHX'+ 3S[H« and 

(6) X-CS-NHa+X'.ima. 

With CSg, amidines give thioamides and, at the same time, thiooyanic acid or an alkyl 
thiocyanate. - • 

H. HYDRAZIDES AND AZIDES 


Introduction of an acid residue into hydrazine, H 2 N • NHg {see Vol. I., p. 376), givx-s the 
primary hydrazides or momacylliydrazides, e. g., CHg • CO • NH • NHg {(tcehjlliydrazkh) and 
H-CO'NH-NHg {formliydrazide, m.-pt. 54°); two acid radicals give secondary hydrazides 
or dihydrazides, e. g., CHg • CO • NH • NH • CO • CHg {diacethydrazide, which melts at 138° 
and is prepared from hydrazine hydrate and acetic anhydride). 

They are readily hydrolysable, and reduce ammoniacal silver nitrate solution in the 
cold and Pehling’s solution on heating. The primary hydrazides are more highly basic 
than the amides, and so give more stable salts. Nitrous acid acts on primary hydrazides, 
forming azides, which are derivatives of hydrazoic acid {see Vol. I., p. 376) : 

CHg • CO • NH ■ NHg + HNO2 = 2H2O 4- CHg • CO • N(; |i 

\n 


These resemble the acichlorides in many properties, but are ex|jlosi\'e (silver and lead 
azides, see p. 310) and, when heated with alcohol, give urethanes and liberate nitrogen: 


/N 


CHg . CO . N<^| + CgHg . OH = Ng + CHg • NH • COgCgHg, 


metliylurethane. 


which may be hydrolysed with formation of COg, alcohol, and niethylamine. It is hence 
possible to pass from an acid to an amine with one carbon atom less, by way of the hydrazide 
and azide. 
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1. HYDROXYLAMINE-DERIVATIVES OF ACIDS 

Hydroxylamine or its residues may be united to acid residues, forming Hydroximic 
(or hydroxamic) Acids, e.g.^ • OE.)OK [etlLylhydroxamic acid; m.-pt. 59°), and 

Amidoximes, X • C( : N • OH) • The hydroxamic acids have an acid character and 
are formed, with evolution of ammonia, by the action of hydroxylamine on amides. 

Also Formyloxime Chloride, CH( : N • OH)Cl, is known, this being obtained by treating 
mercury fulminate in the cold with HCl ; it forms needles, which are readily decomposable, 
volatile, and gpluble in ether. 

The Amidoximes are formed by the addition of nitriles to hydroxylamine, 
CHgCN + NH 2 • OH = CHg • C( : NOH jXH^. If hydrogen cyanide is employed, ISURET 
(Methanamidoxime or Methenylamidoximej, CH(:NOH)XH 2 , isomeric with urea, 
trould be obtained. 

VI. CYANOGEN COMPOUNDS 

Some cyanogen compounds, especially Hydrocyanic Acid, HCN, potassium 
cyanide, and ferro- and ferri -cyanides, have already been dealt with in Vol. I., 
pp. 497, 547, and 840. We have to consider here the mimerous and varied 
organic derivatives of cyanogen, which are of some interest as they often 
exist in polymerised forms and almost always in two isomeric modifications, 
sharply differentiated by their chemical properties : derivatives of nitriles, 
X*C : N, and of isonitriles, C | N'X {see also p. 237). 

CYANOGEN, (CN)2, is a highly poisonous gas with a pungent odour 
recalling that of bitter almonds ; it is liquid at — 21° and solid at — 34°. It 
is found in the gas from blast-furnaces and occurs largely in the tail of Halley’s 
comet, which approached the earth in May 1910. It is obtained by the 
elimination of water from ammonium oxalate or oxamide (NH2 ’ CO * CO ■ NHg) 
by the action of P2O5 in the hot, or by heating a solution of copper sulphate 
vdth potassium cyanide, and is commonly prepared by heating cyanide of 
silver or of mercury, Hg(CN)2 = Hg -j- (CN)2; as a secondary product, 
PARACYANOGEN, (C3N3)2, or (ON),, is formed as a brown powder. 

It burns with a purple flame, dissolves readily in alcohol or water (4 : pj 
and its solutions gradually become brown, with formation^ of oxalic acid, 
formic acid, hydrocyanic acid, ammonia, and urea, and deposition of Azulmic 
Acid (brown powder). With it forms the thioamides : RUBEANHYDRIC 
ACID, NHg • CS • CS • NH 2 , and^LAVEANHYDRIC ACID, NC • CS ' NH 2 . 

CYANOGEN CHLORIDE, NC • Cl, is of importance in the synthesis of many cyanogen 
compounds, and is formed by the action of chlorine on hydrocyanic acid or metahic cyan^es : 
NC • H -f of = HCl NC - Cl. It is a colourless gas which is easily liquefied, boils at 
15 - 5 ° has a pungent odour, and dissolves in water. In presence of HCl it polymerises, 
forming CyanogenTrichloride (melts at 145 °, boils at 190 ° ). With KOH it forms potassium 

cyanate, NCOK. . T,.r 4 - 

CYANIC ACID, NC • OH, is a liquid of penetrating odour and only slight stability, 

even at the ordinary temperature. ‘ ^ . xi. 

It is obtained by the dry distillation of cyanuric acid {q, v.) and condensation of the 
vapours in a freezing mixture. It undergoes change, even at the ordinary temperature 
and with slight explosions, into a compact, white isomeride, which is polymerized 7S0- 
cyanic acid or cyamelide, (0 : C : NH),; this, on dry distillation, gives cyanm acid again. 

Its salts are more stable, but when attempts are made to liberate the acid from these 
by the action of mineral acids, immediate hydrolysis occurs : 

NC-0H + H20=C02-+-'NH3. 

If it is liberated by dilute acetic acid, the isomeric cyanuric acid is obtained. _ 

The alkyl derivatives of cyanic acid exhibit two isomeric forms ; Cyanates, N : C ■ U A, 

Cyanat7' NCOK, forms white scales soluble in alcohol or water, and is 
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obtained by oxidising solutions of potassium cyanide by means of potassium perman- 
ganate or dicbromate, or by fusing potassium cyanide or ferrocyanide with PbOg or MnOg : 
NCK + 0 = NOOK. 

Ammonium Cyanate, NC-ONH^, is isomeric with urea, into which it can be converted. 
It is obtained by neutralising cyanic acid with ammonia and forms a moderately stable, 
white, crystalline mass. 

ETHYL ISOCYANATE, CO : NCgHg, is prepared by distilling potassium cyanate 
with either potassium ethyl sulphate or ethyl iodide. It is a liquid of penetrating odour 
and boils at 60°. It does not behave as a true ester (true esters of cyanic acid 
do not exist), since the action of acid or alkali yields, not alcohol, but ethylamine; 
CO : NCgHg + HgO = COg + CgHg • NHg. Hence the nitrogen is united directly to the 
alkyl group, so that the Sitructure is not N ; C • OCgHg, but 0 : C : NCgHg. 

Ethyl isocyanate is instantly decomposed by water, forming derivatives of urea^; 
the latter are also formed by the action of ammonia or amino-bases. 

CYANURIC ACID, (NClgtOHlg, is a'polymeride of cyanic acid and on heating urea 
— ^which contains the constituents of ammonia and cyanic acid — either alone or in a 
current of chlorine so as to eliminate the elements of ammonia, there remain those of 
cyanic acid, which polymerise to cyanuric acid. It crystallises with in prisms, 

effloresces in the air, and is readily soluble in hot water. When heated with HCl, it 
hydrolyses slowly to NHg and COg ; with PClg it gives the chloride of cyanuric acid. 
It is a tribasic acid and forms a violet, crystalline copper salt ; its sodium salt is insoluble 
in concentrated alkalis. Like cyanic acid, it gives rise to two series of derivatives, e. g., 
Ethyl Cyanurate, (NC) 3 (OC 2 Hg) 3 , which is a colourless liquid giving alcohol on hjrdi’olysis. 
It is only slightly stable, and is readily transformed into the isomeride of the other series, 
Ethyl Isocyanurate, (CO) 3 (NC 2 H 5 ) 3 , which is formed by polymerisation of ethyl 
isocyanate, or by distilling the cyanurate with potassium ethyl sulphate. On hydrolysis 
it gives ethylamine, this confirming its constitution, which is shown by the following 
closed-ring formulae to be clearly different from that of ethyl cyanurate. 

0 OCgHg 



FULMINIC ACID, C : NOH, is readily volatile but unstable, and is decomposed by 
concentrated hydinchloric acid into hydroxylamine and formic acid, chloroformyloxime, 
CHCl : N • OH, being formed as intermediate product. Kekule regarded fulminic acid 
as a nitroacetonitrile, NOg ■ CHg • CN, but Nef subsequently attributed to it the consti- 
tution C : N'OH, the carbon being divalent. With bromine, mercury fulminate [see 
p. 308) gives the compound 

Br • C : N • 0 

I I 

Br • C : N • 0 


Silver fulminate is even more explosive than the mercury salt. 

Palazzo (1907-1910) has prepared various additive products of fulminic acid with 
different acids (HBr, HI, HSCN, HNOg, NgH). With hydrazoic acid at — 12°, he obtained 
two isomerides with different constitutions, probably with intermediate formation of 
Triazoformoxime : 

CH ^N-OH 

NgH-f C:NOH = :^>C:N-OH ^ jj | 

3 N . N : N 

Triazofonnoxime N -hydroxy tetrazdle (m.-jit, 1,43°) 

The other isomeride also is possibly a tetrazole derivative. 
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By the action of hydrogen sulphide on mercury fulminate suspended in water, Cambi 
(1910) obtained and isolated the Formothiohydroxamic Acid predicted by Nef : 

H-CzNO-H 

I 

H-S 

FULMINURIC ACID, C3H3O3N3, is isomeric with eyanuric acid (see above), and two 
true isomerides are described: (1) a-Isofulminuric add, obtained in 1884 by Ehrenberg 
by treating mercury fulminate suspended in ether first with gaseous hydrogen chloride and 
afterwards with rjoncentrated ammonia solution, is infusible, and insoluble in water or 
alcohol, and gives a deep red coloration with ferric chloride; (2) jS-isofulminvnc acid, 
obtained in 1884 by Scholvien, melts at 196°, XJlpiani (1912) maintains the existence of 
c»i^ily one fulminuric acid, to which he attributes the formula : 

NHg-CO-C C-OH 

N N 

\o/ 

THIOCYANIC ACID AND ITS DERIVATIVES 

THIOCYANIC ACID (Rhodanic Acid), NC • SH, is a yellow liquid of penetrating odour, 
stable only when anhydrous in a freezing mixture or when in very dilute aqueous solution. 
At ordinary temperatures it polymerises to a yellow mass. It is obtained from its mercury 
salt {see later) by the action of hydrochloric acid. 

In concentrated aqueous solution, it undergoes conversion into a yellow crystalline 
mass of Perthiocyanic Acid, (CN)2S3B[2. 

Cyanogen Sulphide, (NC)2S, may be regarded as a kind of anhydride of thiocyanic 
acid, and is obtained from silver thiocyanate and cyanogen iodide. It forms colourless 
plates which have a pungent odour and are readily soluble in water. 

Thiocyanuric Acid, (^0)3(811)3, is polymeric with thiocyanic acid, and is obtained 
by the action of sodium sulphide on cyanogen chloride.^ It is a yellow powder and gives 
salts corresponding with a tribasic acid. Its trimethyl salt is formed by polymerisation 
of ethyl thiocyanate by heating at 180°. 

POTASSIUM THIOCYANATE (or Rhodanate), NC • SK, see VoL I., p. 841. 

AMMONIUM THIOCYANATE (or Rhodanate), NC • SNH4, forms colourless, tabular 
crystals soluble in alcohol, and readily so in water. It is obtained by heating together 
CSg and NHg {see also Vol. I., p. 841). When heated it is transformed into the isomeric^ 
thiourea. It serves for the preparation of other thiocyanates, and is extracted in large 
quantities from the exhausted Laming mixture of gasworks {see p. 49), which contains 
1 to 4 per cent, of it. 

MERCURIC THIOCYANATE, (NC • SlgHg, is prepared from a mercuric salt and 
ammonium thiocyanate, and forms a white, insoluble powder which swells up to a very 
considerable extent when heated {Pharaoh'' s serpents), 

SILVER THIOCYANATE is precipitated as a white mass on mixing silver nitrate 
and ammonium thiocyanate. The latter gives, with ferric salts, a dark red coloration 
of FERRIC THIOCYANATE (sensitive indicator in the titration of silver with thio- 
cyanate) and this, with potassium thiocyanate, gives a violet double salt, (NC ■ S)eEeK3. 

Hydrogen sulphide decomposes the thiocyanates, NC • SH + HgS = NHg + CSg, 
while with concentrated sulphuric acid, addition of water and decomposition into ammonia 
and carbon oxysulphide occur 

NC • SH + HgO = COS + NHg. 

For thiocyanic acid there are two series of isomeric derivatives, corresponding with 
the two general f ormulse ; N : C * SX (alkyl thiocyanate ) and S : C : N • X (mustard oils ). 

ETHYL THIOCYANATE, NC • SCgHg, is a colourless liquid with a marked odour of 
garlic ; it boils at 142° and is very slightly soluble in water. It is formed by the action 
of cyanogen chloride on mercaptides, or by distillation of potassium thiocyanate with 
potassium ethyl sulphate. As it has the constitution of a true ester, it is hydrolysed 
by alcoholic potash with formation of alcohol and potassium thiocyanate, but in certain 
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reactions it beliaves like tke isomeric mustard oils. Nascent hydrogen converts it into 
mercaptan, since the alkyl is united to sulphur, and the action of nitric acid in the hot 
yields ethylsulphonic acid. 

ALLYL THIOCYANATE, NC • SC 3 H 5 , boils at 161°, and has a garlicdikc odoiu; 
it undergoes change into the isomeric mustard oil, slowly at the ordinary tcmperatm’e 
and more rapidly on distillation. 

The Mustard Oils (Iso thiocyanates) are obtained from the corresponding 
thiocyanates simply by heating. They are also formed by the action of 
carbon disulpliide on the corresponding primary amines, CSg + X • NHg — 
HgS + S : C : NX, this change taking place by way of the intermediate 
alkylamine salt of alkyldithiocarbamic acid (see later), wliich is distilled with 
mercuric chloride. Mustard oils are formed- also when an alkylated thiourta 
is distilled with phosphoric or concentrated hydrochloric acid. 

Their structure is indicated by their formation of primary amine on hydro- 
lysis :~-S : C ; NX + 2 H 2 O == COg + H 2 S + X * NH 2 . The isothiocyanic acid, 
S : 0 : NH, from which these mustard oils are regarded as derived, is not 
known in the free state. 

METHYL MUSTARD OIL (Methyl Isothiocyanate), SC : NCH3, melting at 34° and 
boiling at 119°; Ethyl Mustard Oil, SCtNOgHg, boiling at 134°; and Propyl Mustard 
Oil, SC : NC 3 H 7 , boiling at 153°, are of little importance. More interesting is 

ALLYL MUSTARD OIL (or Ordinary Mustard Oil ; Allyl Isothiocyanate), 
S : C : NC3H5, which is prepared by distilling St7iapis nigra [blach mustard.) with water; 
it is obtained synthetically by the reactions given above. It is a liquid with a pungent 
odour recalling that of mustard and raises blisters on tlic skin ; it is s^mringly soluble in 
water and boils at 150*7°. 

CYANAMIDE AND ITS DERIVATIVES 

CYANAMIDE, NC * NHg, is a white crystalline substance, melting at 40° 
and dissolving very slightly in water, alcohol, or ether. It is obtained by 
passing a current of c.yanogen chloride into an ethereal solution of ammonia : 
2 NH 3 -j- NC * Cl = NH 4 CI -{- NC ■ NH 2 , and is also formed by desulphurising 
thiourea, NH 2 * CS • NII 2 , by means of HgO, wliich removes HgS. 

It is obtained abundantly and in a pure state by extracting calcium 
cyanamide [see later) systematically with water, neutralising the saturated 
solution with sulphuric acid, filtering from the calcium sulphate, concen- 
trating in a vacuum, again filtering from the gypsum, concentrating anew^ 
and extracting the crystalline mass — ^formed on cooling — with ether, which 
does not dissolve gypsum, dicyanamide, and other impurities. Evap)oration 
of the ether yields pure cyanamide in almost theoretical yield (Baum, 1910). 

With lapse of time, or rapidly at 150°, cyanamide changes into the poly- 
meric dicyanodiamide (see later). It behaves lioth as a weak base forming 
unstable crystalline salts and as a weak acid giving metallic salts, e.f/., 
NG*NHNa, NC ‘ NAgg, etc. The most important of these is calcium cyan- 
amide, NC * NCa, which was considered in detail in \'ol. I, ]-)p. 369 et seq., in 
the discussion of the utilisation of atmos])heric nitrogen ; it. is formed by the 
action of nitrogen on heated calcium carbide and forms an excellent nitrogenous 
fertiliser. 

In j)resenee of dilute acid, cyanamide fixes a molecule of water, giving 
urea : NC ■ NH 2 -f- HgO = NHg ’ CO * NHg; with hydrogen sulphitie it yields 
thiourea. Cyanamide also gives two scries of isomeric alkyl deri’^^atives of 
the general fornmlse, N J C * NXg and XN : C : NX. Compounds of the latter 
formula are derived from the hypothetical carhodi-imide, NH : C : NH ; for 
example, carhodipJioiylimide, C 0 H 5 N : C : NCgHg, boiling at 330°, is tvell 
characterised. 
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CARBONIC ACID DERIVATIVES 

DIETHYLCYANAMIDE, NC • N(C2Hg)2> is formed by the action of ethyl iodide 
on the silver salt of cyanamide, its structure being indicated by the products — 
CO2 + NHg + NH(C2Hg)2-obtained on hydrolysis with dilute acid. Methyl- and 
etliyl-cyanamide are also known. 

DICYANODIAMIDE, (NC • NHglg, is formed, as has already been mentioned, from 

.NH . 

cyanamide ; certain of its reactions indicate the structure NC • NH • (Bamberger ). 

It forms acicular crystals or small flat prisms. When heated strongly and rapidly, it is 
converted into a white insoluble powder, MELAM, CgHgN^ or [{NC)3(NH,)J2NH, this 
being an imide of melamine, into which it is transformed by sulphuric acid or ammonia. 

MELAMINE (Cyanurtriamide), (NClglNHglg, is a crystalline basic substance, insoluble 
ij^ alcohol or ether. When it is boiled with acid, the amino-groups are gradually replaced 
by hydroxyl groups, giving AMMELINE, (NC)3(NH2)20H, then AMMELIBE, 
(NClgNHglOH}^, and finally Cyanuric Acid, (NC)3{OH)g. 

As usual, the alkyl derivatives form two isomeric series, derivatives being known of a 
hypothetical Isomelamine, (CNH)3(NH)3, among these being the polymerised alkyl- 
cyanamides. 

VII. DERIVATIVES OF CARBONIC ACID 

True carbonic acid, 0 : C(OH) 2 , is not known in the free state, since tw^o 
hydroxyl groups cannot exist in combination with the same carbon atom 
{see p. 216), but it is supposed to exist in aqueous solution, and salts corre- 
sponding with this formula are stable and well laiown (carbonates and bicar- 
bonates). Also important organic derivatives, similar to those already studied 
for other dibasic acids (amides, chlorides, esters, etc.), are known. The acid 
derivatives are less stable than the normal ones. 

ESTERS OF CARBONIC ACID 

ETHYL CARBONATE, CO(OC2H5)2, is a liquid which is insoluble in water, boils at 
126 °, and has a pleasant odour. It is formed by the interaction of ethyl chloro carbonate 
. and alcohol : CgHg • OH + 01 * CO • OC^Hg = HCl + CO(OC2H5)2, and also from silver 
carbonate and ethyl iodide. Mixed esters, containing different alkyls, also exist. 

ETHYLCARBONIC ACID, CO(OH) • OCgHg, is known only as salts, e.g., Potassium 
Ethylcarbonate, CO (OK) • OC2H5, which is obtained by the action of COg on an alcoholic 
solution of potassium ethoxide and forms shining scales, giving alcohol and potassium 
carbonate when treated with water. 

CHLORIDES OF CARBONIC ACID 

Carbon Oxychloride [phosgene], COClg, has already been described (Vol. I., p. 492 ). 

CHLOROCARBONIC ACID, COCl • OH, is the acid chloride of carbonic acid, but 
is not stable, and, when liberated, decomposes into COg and HCl. Its esters are, however, 
well known, the action of phosgene on absolute alcohol giving, for example, ethyl chloro- 
carbonate (Ethyl Chloroformate), Cl • CO • OC^Hg, thus : CoHg • OH + COClg = HCl -j- 
Cl-CO-OCgHg. 

This ester is a liquid, having a pungent odour, boiling, at 93 ° and readily decomposing 
under the action of water ; it is used largely in organic syntheses to introduce carboxyl 
into the molecule. 

AMIDES OF CARBONIC ACID 

The acid amide, NHg • CO • OH, is Carbamic Acid, and the normal amide, NHg • CO 
NH urea. 

CARBAMIC or CARBAMINIC ACID, NHa* CO • OH, is obtained as ammonium salt 
— ammonium carbamate, NHg’CO'ONH^ — by the direct union of dry COg and NHg; 
a white mass is thus obtained which, even at 60 °, dissociates into COg + NHg. In aqueous 
solution this salt does not precipitate solutions of calcium salts at the ordinary tem- 
perature, since calcium carbamate is soluble, but in the hot the salt decomposes into COg 
and NH3 and gives a precipitate of calcium carbonate. 
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Ethyl carbamate or URETHANE, NHg • CO • OCgHg, is also well known and is 
o btained by the action of ammonia on ethyl carbonate, CO (OC2Hg)2H- NH3= C^Hg- OH + 
NHg • CO • OC2Hg, or, more easily, by treating ethyl chlorocarbonate with ammonia ; 

COClCOCgHg) 4 - 2NH3 = NH4CI 4 - NHg • CO - OC^Hg. 

It melts at 48° to 50°, is soluble in water, and is used as a soporific. 

The following are also known : iodourethane, NHI • CO • OCgHg ; ethijlurethane, 
NHCgHg • CO • OCgHg (boils at 175°) ; nitrourethane, NOg • NH • CO • OC2H5 ; carhamidyl 
chloride, NHg-CO-Cl (melts at 50° and boils at 61°); and diethyl iminodicarhonate, 
NH(CO • OC2Hg)2, which is the imide of urethane. 

Urethane derivatives are readily hydrolysable with alkalis and yield ammonia and 
urea when heated. 

UREA (Carbamide), CO(NH2)2, is the final oxidation product of nitrogenous coi%- 
pounds in the living organism, and the adult human being produces about 30 gi’ams of 
it a day ; it is found in general in the mine of carnivora (where it was first discovered ) 
and in other animal fluids. It crystallises in shining needles soluble in water and in 
alcohol, but insoluble in ether ; it melts at 132° and sublimes in a vacuum. It is formed 
from ammonium cyanate by simple rearrangement under the action of heat (Wohler) : 
NC • C0(NH2)2. Escales (1911) found that when urea is distilled or sublimed 

in a vacuum, the reverse reaction, i. e., formation of ammonium cyanate, occurs. Urea 
is obtained also by the action of ammonia on ethyl carbonate or carbamic acid : 

CO(OC2H5)2 4- 2NH3 = 2C2Hg . OH 4- CO(NH2)2. 

Many other reactions give urea, e. g., oxidation of thiourea, action of water on cyanamide, 
best, in the cold and in presence of hydrated manganese peroxide as catalyst (Ger. Pat. 
254,474, 1910 ; U.S. Pat. 796,713 ) ; it may also be prepared from COClg and NH3, etc. In 
the laboratory it is prepared by treating with barium carbonate the urea nitrate obtained 
by evaporating urine in presence of nitric acid, or by heating ammonium sulphate solution 
with potassium ferrocyanide or cyanate : 

(NH4)2S04 + 2NCOK: = K2SO4 + 2CO(NH2)2. 

In the future urea will probably be prepared on an enormous industrial scale according 
to the scheme of the Badische Anilin-und Soda-Fabrik of Ludwigshafen and Oppau. 
Synthetic ammonia is obtainable by the Haber process {see Vol. I., p. 373), and an abun- 
dant supply of COg is obtained in the preparation from water-gas of the hydrogen necessary 
for the synthesis of ammonia. Thus ammonium sulphate may be made economically 
according to the reaction, NH3 4- COg 4- HgO 4" CaSO^ = CaCOg 4* (NH4)2S04, and 
urea from CO2 and NHg in an autoclave : COg 4- 2NH3 = H2O 4- C0(NH2)2. Since ui-ea 
contains more than 46 per cent, of nitrogen, its use as a high-grade nitrogenous fertiliser 
is anticipated when it can be manufactured to compete with other fertilisers. 

When heated it is decomposed into ammonia, biuret {see later), cyanuiic acid, and 
ammelide. It is readily hydrolysed by acids, alkalis, or even hot w’ater : C0(NH2)2 4- 
HgO = CO2 4- 2NH3, and is decomposed by nitrous acid or sodium hypochlorite : 

2HNO2 4- CO (NH2)2 = SHgO 4- COg - 2N2 

Owing to this property urea is used as a stabiliser (so-called !) for explosives, decom- 
position being retarded and the nitrous vapours fixed {see p. 303 ). 

It exhibits the properties of a base and of a weak acid, giving salts with acids (e. g., 
Urea Nitrate, CO(NH2)2, HNO3, which is soluble in water and slightly so in nitric acid, 
and with concentrated sulphuric acid gives the highly acid Nitrourea, NH2 • CO • NH • 
NOg, and with bases, e. g., C0(NH2)2, 2HgO. It also crystallises woth other salts, e. g., 
CO(NH2)o 4" HaCl 4- HgO, CO(NH2)2 4‘ AgNOg, etc. Mercuric nitrate precipitates urea 
quantitatively from its neutral aqueous solutions as 2CO(NH2)2 4~ Hg(N03)o4- 3HgO. 

Urea forms various alkyl derivatives ; thus ethyl cyanate and ethylamine give symm. 
or a-diethylurea, which is isomeric with unsymm. or ^-diethylurea, NH^- CO • N(C2Hr).>; 
CO • NCgHg 4- C2H5 • NHg = C0(NHC2H5)2. The constitutions of these alkyl derivatives 
are determined by study of the products of their hydrolysis. 

NH 

Readily hydrolysable alkylisoiireas, NH : known. 
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SEMICARB AZIDE, NHg • CO • NH • NHg, which is obtained from potassium cyanate 
and hydrazine hydrate, may also be regarded as a derivative of urea. It has already 
been seen that this base (which melts at 96°) gives crystalline compounds [semicarbazones) 
withketones and aldehydes {see p. 246). CARBAZIDE (Carbohydrazide), CO{NH • NHg)^, 
melts at 152°, and is obtained from esters of carbonic acid by the action of hydrazine 
hydrate. 

Acetylurea, NHg • CO ■ NH • CO • CHg, and Allophanic Acid, NHg • CO ■ NH ■ CO^R 
(not known free, but as salts ), are obtained from acid chlorides and urea. 

The formation of ureides (compounds of urea and mono- and dibasic acids) takes 
place with monobasic divalent acids or with an alcohol and acid. Such a reaction gives 
Hydantoic Acid [glycoluric acid), NHg • CO • NH • CHg • COgH, which, when evaporated in 

.NH . CO 

presence of HCl, loses water and forms Hydantoin, CO<(^ | , the latter giving first 

^ ^NH . CHg 

hydantoic acid and then COg, NHg, and glycine on hydrolysis. 

When urea is heated at 160°, 2 mols. condense with separation of ammonia and 
.CO • NHg 

formation of Biuret, NH<(|^ , which crystallises with IHgO and is soluble in water 

^CO • NHg 

or alcohol ; in alkaline solution it gives a characteristic violet coloration with a little 
copper sulphate. 

DERIVATIVES OF THIOCARBONIC ACID 

More or less complete substitution of the oxygen of carbonic acid by 
sulphur gives a series of unstable compounds, which form stable alkyl deriva- 
tives and exhibit various oases of isomerism indicated by varjdng products 
of hydroly’^sis. These numerous sulphur compounds are reducible to three 
types, according as they contain (1) the nucleus SC<I, thiocarbonic or thio' 
carhamic compounds, (2) the nucleus OC<C, carbonyl or carbamic compounds, 
or (3) the group H * N” : C<C, iminocarbonic or iminocarbamic compounds. 


The following are the principal compounds of these types, which have been thoroughly 
studied in the form of their alkyl derivatives : 


Trithiocarbonic acid 
Bithiocarbonic acid . 

Monothiocarbonic acid 

Bithio carbamic acid 
Bithiocarbonylic acid 
Monothiocarbonylic acid . 

Monothiocarbonylamic acid 


. SC(SH), 

■ ..^SH 

■ 

• ®^<SH 
. CO(SH)g 
^SH 


CO< 


OH 

^NHg 

-SH 


NH 

Monothiocarbamic acid . . 

Thiocarbamide . . . 


Thiophosgene . 
Thiocarbamidyl chloride . 
Iminodithiocarbonic acid 
Iminomonothiocarbonic acid 

Iminothiocarbamic acid . 


SC : Clg 

. sc<™^ 

HN : C(SH)2 

NH 

HN:C<gP 


THIOPHOSGENE (Carbon Sulphochloride), SCClg, is a red liquid which fumes in the 
air, attacks the mucous membrane, and boils at 68 “ to 74°. It is prepared by the action 
of chlorine on carbon disulphide, the intermed ate compound, CCI 3 • SCI, thus obtained 
being reduced with stannous chloride. It is more stable towards water than phosgene, 
and with ammonia gives, not thiourea, but ammonium thiocyanate. 

TRITHIOCARBONIC ACID, CSgHg, is obtained as sodium salt by the action of 
carbon disulphide on sodium sulphide. The free acid is a brown unstable oil and its eihyl 
sster, SC(SC 2 H 5 )g, a liquid boiling at 240°. 

POTASSIUM XANTHATE, KS • SC • OC^Hg, is the ether of the potassium salt of 
dithio carbonic acid. It is formed by the action of CSg on C^Hg • OK and crystallises in 
shining needles soluble in water and to a less extent in alcohol. With copper sulphate it 
gives copper xanthate as an unstable yellow powder which is used in indigo printing. 

VOL. n. 
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XANTHIC or XANTHONIC ACID, HS * SC • OC^Hg, is liberated from its potassium 
salt {see above) and forms an oil insoluble in water; it readily decomposes into 

DITHIOCARBAMIC ACID, NHg • SC • SH, is obtained as ammonium salt by the 
action of ammonia on an alcoholic solution of CSg : 

2NH3 CSg^NHg.SC-SNH^. 

In the free state this acid forms an unstable, reddish oil (decomposing into SHg + 
thiocyanic acid) and its ethyl ester,- NHg • SC • SCgHgjis dithiour ethane, whilst iJiiovrethane 
will be NHg • CO • SCgHg and is isomeric T^dth xanthogenamide, NHo • CS • OCgHg. 

Ethylamine Ethyldithiocarbamate, CgHg • NH ■ SC • SH, NHg* CgHg, is formed similarly 
by the action of carbon disulphide on ethylamine; in the hot it gives dietkyWiiourea, 
SC(NHC2H5)2, the mercuric salt of which gives the corresponding mustard oil with wafer 
in the hot, whilst the alkylated dithiocarbamic acids obtained with secondary amines 
do not give mustard oils under these conditions. 

THIOCARBAMIDE (Thiourea), SC(NH2)2, is only partly obtained on heating 
ammonium thiocyanate at 130°, the reaction being reversible. It forms crystals melting 
at 172°, and dissolving in water and in alcohol, giving neutral solutions ; it has a bitter 
taste. On hydrolysis it yields COg + HgS + NHg. As has already been stated, it is 
converted into urea by permanganate, into cyanamide by mercuric oxide, and into 
potassium thiocyanate and ammonia by alcoholic potash at 100°. It behaves as a weak 
acid and a weak base, and its derivatives, in some cases, correspond with the tautomeric 

formula, HNC<^gg ^ (hypothetical iminotJiiocarbamic acid). 

About 10,000 kilos of thiourea are produced annually by two factories, one Trench 
and the other German, for preserving weighted silk from corrosion, the Gianoli process 
{see later, under Silk) being used. Owing to this, the price of thiourea was lowered in 
pre-war times from £2 to 55. 6d. or 65. 6d. per kilo. 


GUANIDINE AND ITS DERIVATIVES 

NH 

GUANIDINE (Iminourea or Iminocarbamide), NH : forms crystals 

readily soluble in water or alcohol. It is a strong base, absorbing carbon 
dioxide from the air, but is converted into salts by one equivalent of acid. 
The fatty acid salts are converted on heating into guanamines, w^hich form 
crystals of peculiar shape. 

It is obtained by heating cyanamide with ammonium iodide : NH 4 I -f 
CN * NHg = NH : C{NH 2 ) 2 , HI ; or, better, as thiocyanate by heating thiourea 
with ammonium thiocyanate at 190° : 

NCS • NH 4 -f BC(NH 2)2 = HgS -f NH : C(NH 2 ) 2 , NC • SH. 

It may also be obtained from dicyanodiamide by the action of aqua regia 
(Ulpiani, 1907). 

Guanidine is readily hydrolysed, forming first ammonia and urea and 
then CO 2 and NHg. 

Guanidine Nitrate, NH:C(NH2)2, HNO3, is converted by concentrated sulphuric 
acid into nitroguanidine, NH : C(NH2)(NH ♦ NOg), and this, on reduction, gives a.mino- 
guanidine, NH : C(NH2)(NH • NH3). The latter gives hydrazine [(NH2)2], 
on hydrolysis with acid or alkali, whilst with nitrous acid it yields Diazoguanidine 
carbamideazide), NH : C(NH2) • Ng, which is resolved by alkali into hydrazoic acid {see 
Vol. I., p. 376) and cyanamide. 

Trom aminoguanidine can be obtained Azodicarbonamide, NHg • CO • N : N • CO * NH.>, 
and Hydrazodicarbonamide; NHg ♦ CO • NH • NH • CO • NHg. 

GLYCOCYAMINE, NH : ClNHg) * NH • CHg • CO^H, is formed by th(‘ union of glycocoll 
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,NH CO 

with cyanamide, and if water is lost Glycocyamidine, NH : C<^ | , is obtained. If, 

• CHg 

however, instead of glycocoll, its methyl-derivative is taken, sarcosine, COgH • CHg * 
NH * CHg (melts at 115° and is neutral), results, creatine and creatinine being obtained 
similarly. 

CREATINE, NH : C(NH 2 ) • N(CH 3 ) • CHq ♦ COgH, is obtained from meat-extract, being 
a stable component of muscle. It has a neutral reaction and is soluble in water and 
sparingly so in alcohol ; it crystallises with IHgO, has a bitter taste and, when heated 
with acid, loses 1 mol. of water of constitution and forms creatinine ; on complete 
hydrolysis, it gives urea and sarcosine. 

NH -CO 

CREATININE, NH : C<^ | , is a weak base and dissolves very readily in 

\N(CH3) . CH 2 

water, giving creatine again. It is one of the constituents of urine and forms a character- 
istic zinc salt, 2 mols. of creatinine combining with 1 mol. of ZnCl^. When hydrolysed, 
it gives ammonia and methylhydantoin. 


URIC ACID AND ITS DERIVATIVES 

When the two amino-groups of urea condense with the two carboxyl 
groups of a dibasic acid with expulsion of 2 mols. of water, ureides {see above) 

.NH • CO 

are obtained. Thus, oxalic acid yields 'pardbanic acid, CO\ | ; 


NH * CO 

malonic acid, barbituric acid, 

. , . ^NH • CO 


"“NH • CO 
tartronic acid, dialuric 


acid, and mesoxalic acid, alloxan, CO<C- 


NH • CO^^^’ however, only one 


molecule of water is eliminated, one amino- and one carboxyl-group remaining 
unchanged, uro-acids are obtained, e.g., oxaluric acid, NHg ’ CO * NH • CO * CO 2 H, 
and alloxani'^ acid (from mesoxalic acid). 

These ureides are usually well crystallised, and are aminic and also 
markedly acid in character. On hydrolysis, they give first the corresponding 
uro-acid and then urea and free acid. They are sometimes formed on oxida- 
tion of diureides {see below) ; thus parabanic acid is obtained by oxidising 
uric acid with nitric acid. The alcohol-acids and the aldehydo-acids also 
give such condensations {see dbove), yielding, for example, hydantoin, hydantoic 
acid, and allanturic acid (from glyoxyhc acid). 

When 2 mols. of urea take part in the condensation, diureides are obtained, 
these forming the group containing uric acid, 

(1) hN .00 (6) 

, I I ro 

(2) CO (5) 0— NHv 

I I! /CO (8) 

(8) nH C— NH"'^ 

( 4 ) ( 9 ) 

and its derivatives : xanthine, caffeine, theobromine, guanine, hypoxanthine, 
alloxanthine, purpuric acid, allantoin, etc. The positions of the substituent 
groups are indicated by the bracketed numbers shown in the above formula for 
uric acid. During recent years successful attempts have been made, by means 
of ethyl cyanoacetate, to synthesise all these xanthine bases and to convert 
them, one into the other (see Berichte der deutsch, chem. Gesells., 1899, 32, 

p. 435). ^ ^ ^ 

As a general rule, the ureides and diureides have a more or less marked 
acid character and, as they contain no carboxyl group, this acidity is explained 
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as due to the existence of these compounds in tautomeric^ forms, just as is 

CHg— CO\ 


the case with succinimide, 


NH. In the latter it is assumed that 


CH^— CO^ 

the iminic hydrogen atom is. very mobile and undergoes displacement and 
union with the oxygen of the neighbouring carbonyl group, a double linking 
between carbon and nitrogen being formed and an acid hydroxyl group 
capable of forming salts with metals. The tautomeric formula of Succinimide 


would hence be 




N : C • OH 


CH,- 


yN, and that of Parabanic Acid, CO\ 

: C • OH 

similar formulse hold for uric acid and barbituric acid, the latter functioning 
as a dibasic acid (in this case, however, the acid character is perhaps to** be 
attributed to the hydrogen of the methylene group, CHg). 

Several diureides are found in nature, e.g., in guano, in the urine and 
muscles of carnivora, in the excreta of serpents, in articular concretions, and 
in certain plants (theobromine in cocoa, caffeine, etc.). 

The constitutional formulae of the more important diureides are as follow : 


.N(CH3)-C0 

go/ I 

\N(CH3)— CO 

Dimethylparabanic acid 
(Oholestrophane) 


CO 


^NH-C(CH^)^ 




NH- 


Methyluracil 


JCH 


-GO'' 


. .CO-NH Q 

\(l^0O-NH 

^<CO— 

Allosanthine 


NH: 


/■ 




^C(OH)<, 


CO— NH- 

Murexide 


:>CO 


N — C — N 

II II 

CH C— NH 


/ 


CH 


.NH— CH~NH. 
co<; I >CO 
CO— 

Allantoin 

N — C — N 


)CC1 


CCl C — NH/ 


N=CH 

Purine 


N = CC1 

Trichloropurine 


CO CH-.NH-CO-NH, 


CH„ -N — C — Ks. 


CO C— Ntb 


/ 


CH 


CH3*;N — CO 


Dimethylpseudouric acid 

- N. 


I II >CH 

CO C— N(CH3)/ 


CH C — NH/ 


^CH 


CHg-N — CO 

Theophylline 

NH — C- 

I II 

CO G- 




CH 


-HH 


Caffeine 

K~C 

II li 

CH C- 

I i 

N = C • NH 2 

Adenine 


-NH 


/ 


NH — CO 

Hypoxanthine 


CH 


NH — CO 

Xanthine 


NH — C — 


NH:C 


C — NH 


•/ 


CH 


NH — CO 

Guanine 
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URIC ACID, CgH 403 N 4 . Syntheses of uric acid are many and various ; from eyano- 
acetic acid, or glycocoll or isodialuric acid, by heating with urea; from amino barbituric 
acid and potassium cyanate ; from ethyl acetoacetate and urea, passing through methyl- 
uracil, nitrourac.I, hydroxyuracil, and isodialuric acid. The following scheme represents 
the various steps of the synthesis from malonic acid : ^ 


NHo 

I ^ 

CO -OH 

j 


NH- 

1 

-CO 

NH— 

1 

CO 

t 

CO -f 

1 

CH^ — 

->• 

1 

CO 

1 

1 

CH, > 

1 

1 

CO 

1 

C:N-OH ^ 

1 

NH. 

CO -OH 


1 

NH — 

1 

■CO 

NH — 

1 

CO 

Urea 

Malonic acid 


Barbituric acid 

Violuric acid 

NH— 00 


NH- 

1 

— CO 

I 


NH- 

-CO 

I 

1 1 

CO CH-NHa 

1 1 

— 

I 

CO 

1 

1 

CH- 

1 

-NH. ^ 

)GO 

1 

CO 

1 

I 

C — NH. 

II /CO 

NH — CO 


NH 

— CO 

NH/ 

NH- 

-C — Nh/ 

Uramil 


Pseudouric acid 


Uric acid 


Uric acid is a feeble dibasic acid (see ahove\ and forms a white, amorphous substance 
insoluble in alcohol or ether and almost insoluble in water. It dissolves, however, in 
concentrated sulphuric acid, from which it separates unchanged on dilution with water. 
It is extracted from guano, the excrements of serpents, and the urine of carnivora. 

Evaporation of uric acid with dilute nitric acid and treatment of the residue with 
ammonia yields mimxide, which forms yellowish green crystals which give a purple 
aqueous solution, turning blue on addition of alkali (characteristic reaction for uric 
acid). 

THEOBROMINE (3 : 7-Dimethyl-2 : 6-dioxypurine), C^HgOgN^ or 

CHg-N — C N. 

I II >CH 

CO C — ^(CHg)/ 

NH— CO 

is extracted by means of boiling alcohol from cocoa,^ de-fatted and made into a paste with 

^ The constitution of uric acid was demonstrated first by Medicus, and later, by various 
syntheses, by E. Eischer (Liebig’s Annalen, 1882, 215, p. 253). The presence of a chain, 
— C — C — C — , and of a carbonic acid residue is shown by the formation of urea and alloxan when 
uric acid is treated in the cold with nitric acid. The presence of four imino-groups is deduced from 
the fact that, by introduction of four methyl groups and subsequent hydrolysis, the four atoms 
of nitroo'en are eliminated as methylamine. A large part of the uric acid molecule is rendered 
evidently the formation of allantoin (of known constitution) on oxidation with alkaline perman- 
ganate, and by the formation of methylurea and methyialloxan on oxidation of dimethylurip 
acid. 

2 Cocoa and Chocolate. Cocoa is placed on the market in the form of large violet seeds of 
Theobroma cacao, which grows well in the Antilles, Mexico, Guatemala, Java, Borneo, Esmeralda 
(equator), etc. The red or brown mature fruits resemble cucumbers, each containing fifty to 
sixty seeds like beans. The seeds are separated from the pulp, heaped in casks for four to five 
days to initiate the fermentation which increases the aroma, and then dried in the sun. The 
chemical composition of the decorticated seeds differs considerably with the variety : fatty 
substance {cocoa-lutter), 40 to 65 per cent.; proteins, 10 to 18 per cent.; cellulose, 3 to 6 per 
cent. ; sugars and starch, 8 to 15 per cent. ; theobromine, 0-8 to 2*5 per cent. ; ash, 3 to 4 per 
cent. Cocoa-huUer (or cacao-butter) is extracted by pressing the seeds hot, and forms a faintly 
yellow mass of pleasing odour; it melts at 29° to 31°, and contains the glycerides of aiachic, 
palmitic, oleic, stearic, and lauric acids. 

In the manufacture of chocolate, the seeds are washed in suitable sieves and then gently 
and cautiously heated for thirty to forty minutes to facilitate skinning. They are next crushed 
in mortars or rotating cylinders, the flour obtained being made into a paste with sugar and 
worked for a long time on heated stone rollers, different ingredients and flavouring matters being 
added to rive the different kinds of chocolate; the homogeneous paste then passes to the moulds. 
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lime. Synthetically it is obtained by treating the lead salt of xanthine with methyl 
iodide, or from methyluxic acid and phosphorus oxychloride. It forms white, anhydrous 
crystals which have a bitter taste and dissolve only slightly in water, alcohol or ether. 
It is soluble in acids or alkalies, and at 290° volatilises without melting. It behaves as a 
weak acid and as a weak base. With methyl iodide the silver salt yields caffeine. With 
concentrated nitric acid, chlorine and ammonia, it gives the same reactions as caffeine 
[see below). In the form of different salts, theobromine is used as a stimulant and dinrctic. 
Before the war it cost about 725. per kilo, 

CAFFEINE or THEINE, C 5 H(CH 3 ) 302 N 4 -f* HgO, is trimethjlxantliine or methjl- 
tlieobromine (for constitution, see p. 4tI6). It is an alkaloid formed in varying proportions 
(0-5 to 2 per cent. ) in coffee seeds. ^ The leaves of the coffee plant contain up to 1-3 per cent. , 


Good chocolate contains from 40 to 60 per cent, of cocoa, the rest being sugar ; ordinary qualities 
contain 10 to 15 per cent, of starch. 

The amounts of cocoa imported by various countries arc as follows (tons ) : 



United 

States 

Germany 

G-reat 

Britain 

France 

Holland 
(one hall 
re-oxporied) 

Belgium 
(one half 
re-exported) 

Spain 

Switzer- 

land 

Iialy 

11907 . 

39,239 

34,515 

25,900 

23,180 

22,870 

5,963 

5,652 

7,124 

1,456 

1910 . 

52,546 

43,941 

32,046 

25,076 

34,229 

9,881 

5,517 

9,089 

1,886 

1912 . 

69,447 

55,085 

34,145 i 

26,890 

41,858 

13,023 

5,241 

10,342 

2,432 

•1913 . 

70,660 

52,878 

35,543 

27,610 

46,810 

11,620 

6,166 

10,248 

2,457 

*1914 . 

80,479 

, — 

42,416 

26,085 

52,375 

— 

1 6,911 

10,078 

2,275 

1916 . 

110,060 

— 

90,237 

37,172 

21,112 

, — 

7,504 

! 14,705 

6,746 

,1918 . 

— 

— 

— 

— 

— 

1 — 

i — 

— 

5,863 


The cocoa crop in the British colony of the Gold Coast increased from 5770 tons in 1904 
to 40,640 tons in 1911 ; in the German colonies, especially the Camoroons, the crop rose from 
1454 tons in 1905 to 5500 tons in 1912. 

Italy imported and exported the following quantities of chocolate : 


Importation 

Exportation 



1908 

1910 

1913 

1914 

191G 

1918 

fTons 

1,090 

1,500 

2,078 

. 1,627 

876 

211 

\Value, £ . 

— 

180,000 

216,160 

— 

— 

59,120 

(Tons 

230 

230 

273 

308 

362 

336 

I Value, £ . 

— 

30,704 

— 

38,266 

69,544 

107,584 


Before the war the price of cocoa was about £4 per cwt. 

. ^ Coffee consists of the seeds of one of the Rubiaceaj [Co^ea arabica) which grows naturally 

in Southern Ethiopia and Arabia, and is cultivated on an enormous scale in India, the Antilles, 
Madagascar, and South America. It is an evergreen plant, 6 to 9 metres high and of pyramidal 
habit, with greyish branches and lanceolated leaves, the flow'crs (at the base of the leaf) being 
white and pleasant-smelling, like jessamine. The fruit forms drupes like cherries, tim epicarp 
passing from yellow to green to red to brownish, and the mesocarp being yellow, pulpy and of 
agreeable taste. The endocarp is divided into two compartments surrounded by coriaceous 
membrane and each containing a seed, which has one convex and one flat, furrou-'cd face, and 
is covered by a friable pellicle ; the endosperm (albumen) is yellowish or greenish and horny. 

Coffee berries are composed of cellulose (18 per cent. ), fatty matters (12 per cent. ), gummy and 
saccharine substances (10 per cent.), nitrogenous compounds (12 per cent.), mineral salts 
(4 to 5 per cent.), a tannin [cafetannic acid, 8 per cent.), caffeine (0-8 to 1-3 per cent.), caff ear ine, 
and water (11 per cent.). When roasted, coffee develops aroma and loses 15 to 20 per cent, in 
weight, but increases in volume by one-third, while the sugar caramelises and the cellulose 
carbonises partially, forming a brown oil which is denser than water, dissolves in other, and 
constitutes the aromatic substance [caffeone). Roasted coffee contains, on the average, 1-5 per 
cent, of water, 13 per cent, of nitrogenous substances, 0-8 percent, of sugars, 13*5 per cent, of fats, 
4-8 per cent, of ash, 0-9 per cent, of caffeine, and 46 per cent, of non -nitrogenous substances ; to 
hot water this coffee gives up about 25 per cent, of its weight. 

The form of the seed varies with the kind of the coffee [Coffca mauritiana. laurim, liherica, 
etc, ). Mocha coffee berries are small and the Australian ones large, w'hilst those from the ibitilles 
are intermediate in size. 

The quality of coffee is influenced by the methods of cultivation and preparation : by the 
ordinary or dry method the fruit is dried in the sun, so that it may be freed from the parchment- 
like membrane and partly from the silvery peUiclo by beating in a husking machine. In the West 
Indies and Brazil, however, more use is now made of the ^ret 'process, in which the fresh fruit is 
earned by a stream of water into a de-pulping machine fitted ^vith revolving channelled or toothed 
discs or cylinders, the seeds after this treatment being covered only with" the parchment integu- 
ment and with a little pulp, which is eliminated by fermentation and subsequent washing ; finally 
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larger proportions occurring in the leaves of the tea plant (1*2 to 4 per cent.),^ in cola nuts 
(2 to 3 per cent. ), in mate leaves (or Paraguay tea ; about 1 per cent. ) and in guarana paste 
(made from the seeds of Paullinia sorbilist grown in Brazil : 3 to 5 per cent. ). 


the seeds are dried in the sun or in an oven, and may then be freed from the parchment by de- 
corticating machines. One hundred kilos of fresh fruit gives about 20 kilos of berries for sale, 
these being rendered shiny by shaking them dry in sacks or in levigating apparatus, in which 
finely powdered colouring matters (indigo, ultramarine, chromium salts, curenin, graphite, etc. ) 
are often introduced. 

The cultivation of coffee has received a considerable impulse in Brazil, where as much as 
800,000 tons (more than three-fourths of the total production of the world) is now produced. 
Of the Antilles coffees, the most highly valued is that from Porto Bico. The principal commercial 
varieties of coffee are named after the countries where they are grown. The output in different 
countries is as follows (tons ) : 



Brazil 

Other American 
countries 

Asia and Oceania 
(except Arabia) 

Africa and 
Arabia 

Whole world 

1900-1901 . 

675,700 

170,000 

46,100 

11,300 

' 910,000 

1904-1905 . 

632,000 

181,400 

39,500 

8,200. 

1 861,000 

1909-1910 . 

1,150,000 

36,000 

26,000 

1,500 (?) 

j 1,300,000 

1913-1914 . 

680,000 

85,000 

36,000 

1,000 (?) 

850,000 (?) 

1 


In 1902 the mean consumption per head in kilos amounted to ; Holland, 6' 6; Norway, 5*3; 
Sweden, 5-2; United States, 5-1; Belgium, 4*7; Denmark, 3*4; Germany, 3; Prance, 2*2; 
Austria, 0-9; Italy 0-5 j Spain, 0*5; Great Britain, 0-43. 

The total importation is as follows (tons) : 



Germany 

Great 

Britain 

Prance 

Belgium 

(oEO-third 

re-exported) 

Holland 

(two-thirds 

re-exported) 

IS 

Spain 

1907 

1910 

1912 

1913 

1914 
1916 
1918 

189,600 

171,000 

171.000 

168.000 

53,596 

47,600 

34,200 

43,000 

52,680 

82,880 

101,570 

112,000 

111,240 

115,280 

116,420 

153,000 

113,350 

50,000 

50,000 

53,480 

117,857 

120,000 

116,250 

144.950 1 

124.950 i 
89,000 1 

426,487 21,476 

364,876 25,287 

427,516 ; 27,627 
387,000 . 28,659 
458,620 28,197 

529,297 48,961 

— 51,638 

11,292 

12,838 

13,378 

15,129 

13,733 

16,383 


In 1900 Italy imported 14,100 tons of coffee, in 1908 22,760, and in 1910 25,300 tons (£1,062,080) 
(about four-fifths from Brazil) ; the Customs’ duty was £60 per ton until 1909, after which it was 
lowered somewhat. Pre-war prices per cwt. at Genoa, exclusive of duty, were : Mocha, £4; 
Porto Rico, 72s.; Peru, 50s.; Salvador, 565.; San Domingo, 44s. (washed 60s.); Santos, 42s.; 
Bio, 38s.; Bahia, 36s. _ . , . . _ ^ 

In 1909, coffee became a State monopoly in Italy, the retail price being raised in Januaiy, 1920, 
to 14s. to 17s. (18 to 22 lire) per kilo, according to the quality ; before the war, the price was 3s. 6^. 
to 4s. 6d. (including Is. 2d. duty). ^ • -u • 

Coffee Substitutes. These are now numerous, and as a rule contain no caffeine, nemg 
obtained by roasting roots, saccharine fruits, cereals, leguminous seeds, etc. On roasting, the 
saccharine substances form caramel and other bitter substances giving colour, taste and smell 
to the aqueous decoction. Chicory coffee contains, on the average : water, 8 per cent. ; .nitro- 
genous substances, 7; fats, 2*5; sugar, 16; non-nitrogenous extractives, 52 (9 per cent, mduline 
and 12 per cent, caramel); cellulose, 10, and ash, 5 per cent.; about 65 per cent, is somble in 


coffee, carrot coffee, etc., are also sold, and in Germany and Austria large quantities of 
fi<^ coffee are used, this being often mixed with coffee made from dates, carobs, lupins, wheat, rye, 
barley, maize, malt, acorns, chestnuts, arachis nuts, eto. ^ • i. xi - n 

These substitutes may be distinguished from coffee by microscopic examination, by their smaff 
proportion of fat (1 to 3 per cent., whereas coffee contains up to 14 per cent.), and by the Mgh 
content of saccharine substances (3 to 50 per cent., while coffee contains 2 per cent, f ^ most ). 

^ TTea is an evergreen shrub [Thcct viTidiSp TJi&i boh&a, and Thcci (tssawiico/), cultivated m Ohma, 
Japan, British India, Java, Ceylon, and Brazil. The leaves are similar to those of the white 
willow, and contain various enzymes, of importance being an oxydase_ which, under ^Ra,ble 
conditions of temperature and moisture, transforms the green matter into a black substance 
(the tannins being oxidised ). The oxydase is more s^itive to heat than other producing 

the aroma, so that if the leaves are heated for more than an hour at 70 for green tea or at 8^ 
black tea, the maximum aroma is developed, while the tannin (oxidised) and theme C^’olatihs^ 
are diminished in amount and the soluble substances increased (Sawamura, 1912 ). For Uaclc tea 
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ORGANIC CHEMISTRY 


Industrially caffeine may be extracted from coffee, tea, or mate leaves, in which it is 
partly combined with tannic acid, by decomposing the compound with water and then 
treating with chloroform, which readily dissolves it (from coffee it may be extracted directly 
with benzene, which takes out the oil also ; after evaporation of the benzene, the caffeine is 
separated by means of water, the oil remaining insoluble). Tea residues may be extracted 
directly with solvents such as alcohol, previous pulping with lime (as used in the case of 
guarana paste ) not being always necessary. During the w^ar a certain amount of caffeine 
was obtained in Italy by extraction of the soot deposited in the flues of the apparatus used 
for roasting coffee. 

Synthetically caffeine may be prepared by methylating 3-methyIxanthine, 1 : 7-dimethyl- 
xanthine (paraxanthine) or 3 ; 7-dimethylxanthine (theobromine) by means of methyl 
iodide and caustic soda. 

Pure caffeine forms white, silky, odourless needles of bitter taste; at 100° 
it loses the molecule of water of crystallisation, and it sublimes readil}” and melts 
at 228° to 230°. It dissolves readily in chloroform, to some extent in boiling 
water, slightly in alcohol or cold water, and very slightly in ether. It dissolves 
in acids forming unstable crystallisable salts. When heated gently to dryness 
with a little chlorine water and concentrated nitric acid, it leaves a reddish- 
yellow residue which gives a purple-violet coloration with a httle ammonia. 
Before the war it cost £2 per Idlo, but during the war it was sold in Italy at £12 
(300 lire) per Jdlo. 

GUANINE, CgHgONg (constitution given above), is a di-acid base, but forms salts 
also with bases. It is a white powder insoluble in water but soluble in ammonia. On 
oxidation with potassium chlorate and hydrochloric acid, it gives carbon dioxide, para- 
ban ic acid, and guanidine. 


the leaves are allowed to wither and soften in the sun, and are then rolled up and covered •with 
moist cloths to accelerate the fermentation, which transforms the green into black substances. 
Rolling of the leaves results in rupture of the cells and expression of the juice which facilitates the 
fermentation ; when the latter ceases (in a few hours) the material is spread either on iron plates 
heated over direct fire or on gratings heated with hot air (not over 80°). To prepare ffreen tea, 
the -withered leaves are subjected to rapid treatment -vrith boiling water or steam to destroy the 
oxydase (the enzymes producing the aroma are more resistant), so that the green colour may be 
preserved. The prepared tea is kept in sealed boxes of metal foil, in order that extraneous odours 
may not be absorbed. 

Prom 4 kilos of leaves 1 kilo of dry tea is obtained. Commercially the numerous varieties 
are grouped into three types : green, black, and scented, the last two being slightly fermented. 
The active alkaloid is Theine (see above). The best infusion of tea is obtained by macerating 
for thirty minutes in cold water and then adding boiling water, the liquid being poured off before 
it becomes veiy brown and excessively rich in tannin (20 grams of tea per litre of slightly hard 
water). 

The world's output of tea is about 600,000 tons, and is furnished almost entirely by Asia [55 
per cent, from China and the rest from India (120,000 tons), Ceylon (85,000 tons), Japan (28,000 
tons), Pormosa, and Java]. 

The consumption of tea in different countries is sho’vvn by the following amounts imported 
(tons) : 



G-reat Britain 


United 

States 



Beli^ium 




(one-sbrth 

re-exported) 

Bussia 

France 

Holland 

(two-thirds 

re-exported) 

Spain 

Italy 

1907 

143,846 

92,856 

44,959 

1,155 

4,174 

766 

143 

74 

1910 

150,522 

70,172 

44,501 

1,261 

; 4,970 j 

749 

! 156 

74 

1912 

163,771 

68,509 

44,772 

1,309 

, 5,508 i 

1,051 

187 ! 

87 

1913 

165,580 

78,513 

40,378 

1,207 

5,467 1 

586 , 

214 : 

95 

1914 

168,705 

78,271 

44,466 

1,980 

; 6,461 1 

— 

122 1 

75 

1916 

171,306 

78,400 

47,522 

2,645 

' 8,185 ' 

1 

202 

106 


Other imports were in 1913 (tons): Canada, 16,300; Austria, 2,000; Denmark, 467; 
Roumania, 350; Switzerland, 528; Argentine, 1880; Chili, 1746; Persia, 4770, and Australia, 
16,940. . > , 

Before the war, tea was sold in Italy at 3^. to Qs. per kilo (including the import duty of 2s.), 
according to the quality. 
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XANTHINE, ADENINE 

XANTHINE, CgH^OgN^ (constitution given above), is a wMte powder and acts as 
both acid and base. It is obtained from guanine by tbe action of nitrous acid, and its 
lead salt reacts with methyl iodide, giving theobromine. 

ADENINE, CgHgNg (constitution given above), forms shining needles and is a base 
occurring in tea and in ox-pancreas. It is formed by decomposition of the nuclein of 
the cell-nuclei and is hence of physiological importance. 
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Abrin, 138 

Abrus prnecatorius, 138 
Acetaldehyde, 250 
Estimation, 251 
Acetals, 245 
Acetamide, 238, 421 
Acetamidine, 426 
Acetamido -chloride, 425 
Acetates, 345-348 
Acetic anhydride, 380 
Acetifiers, 342 
Acetimino- chloride, 425 
Acetiminothiomethyl hydriodide, 425 
Acetins, 257, 274 
Acetoacetaldehyde, 399 
Acetobromamide, 420 
Acetometers, 344 
Acetonamines, 252 
Acetone, 129, 254 
Acetonealcohol, 397 
Acetone-chloroform, 119 
Acetonitrile, 238 
Acetonylacetone, 399 
Acetoxime, 252 
Acetyl chloride, 379 
iodide, 380 
mimber, 224 
sulphide, 419 
Acetylacetone, 398 
Acetylcarbinol, 397 
Acetylcellulose, 381 
Acetylene, 111 

hydrocarbons, 110 
Acetylethylamine, 420 
Acetylglyeocoll, 424 
Acetylhydrazides, 426 
Acetylides, 110, 361 
Acetylurea, 433 
Achroodextrin, 141 
Acichlorides, 379 
Acid, Abietic, 206 

Acetaldehydedisulphonic, 257 
Acetic, 328 
Acetoacetic, 396 
Acetonediacetic, 411 
Acetonedicarboxylic, 411 
Acetonetricarboxylic, 419 
Acetonic, 389 
Aceturic, 385, 424 
Acetyleneearboxylic, 361 
Acetylenediearboxylic, 376 
Aconitic, 376, 411 
Acrylic, 354 
Adipic, 357, 362 
Alkylphosphonic, 242 
Allanturic, 435 
Allocrotonic, 355 
Allophanic, 433 
Alloxanic, 435 
7 -AllyIbutyric, 357 


Acid, Allylsuccinic, 373 

Aminoacetic, 379, 385, 423 

Aminoethylsulplionic, 257 

a-Aminoglutaric, 424 

a-Ammo-3*hydroxypropionic, 424 

a-Aminoisocaproic, 424 

a-Aminopropionic, 423 

Aminosuocinic, 424 

a-Amino-j8-thiolactic, 396 

Amylacetylenecarboxylic, 360 

Amylmalonic, 369 

Angelic, 356 

Arabonic, 392 

Arachidic, 320 

Aspartic, 424 

Azelaic, 365, 372 

Azulmic, 427 

Barbituric, 435, 437 

Behenic, 320 

Behenolic, 360, 362 

Brassidic, 360 

Brassylic, 360, 365 

Bromosuccinic, 374 

Butylacetylenecarboxylic, 360 

Butylfumaric, 373 

Butylmaleic, 373 

Butylmalonic, 369 

Butylsuccinie, 371 

Butyric, 348 

Cacodylic, 242 

Caffetannic, 438 

Camphoronic, 376 

Capric, 350 

Caproic, 349 

Caprylic, 349 

Carbarn ic, 431 

Carbaminic, 431 

Cerotic, 351 

Cetylmalonic, 369 

Chloroacetic, 379 

y-) Chlorobutyric, 378 
Chlorocarbonic, 431 
a-{B-) Chloropropionic, 378 
Citraconic, 22, 375 
Citramalic, 400 
Citric, 412 
Citronellic, 357 
Citrylideneacetic, 364 
Crotonic, 22, 354 
Cyanic, 427 
Cyanoacotic, 377 
Cyanuric, 428, 431 
Cyclogeranic, 363 
Becamethylenedicarboxylic, 365 
Decoic, 350 

Behydroundecenoic, 361 
Desoxalie, 419 
Diacetosuccinic, 411 
Diacetylenedicarboxylic, 376 
Diacetylglutaric, 411 
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Acid, Diallvylphosphonic, 242 
Diallylacetic, 363 
Dialuric, 435 
a5-Diamiuo valeric, 392 
Diaterebinic, 400 
jSy-Dibromobutyric, 355 
iSiS-Bibromopropionic, 378 
Dicetylmalonic, 369 
BicMoracetic, 378 
aa'{aB-) Bicbloropropionic, 378 
Biethylmaleic, 373 
Biethylmalonic, 369 
Biglycollic, 384 
«/3-Bihydroxybutyric, 355 
Bihydroxymalonic, 410 
ajS-Bihydroxypropionic, 392 
Bihydroxystearic, 359, 390, 392 
Bihydroxytartaric, 411 
Biisoamylmalonic, 369 
Biisobufcylmalonic, 369 
Bimethylacetic, 349 
a/S-Dimetbylacrylic, 356 
Bimethylarsenic, 242 
Bimethylfumaric, 375 
aa-{ay; 77 -) Bimethylitaconic, 373 
Bimethylmaleic, 375 
Bimethylmalonic, 369 
Bimethyloxaminic, 240 
Bimethylparabanic, 436 
Bimethylpseudourie, 436 
Bimethylsuccmio, 371 
Bioctylmalonic, 369 
Bipropylmalonic, 369 
Bitbiocarbamic, 434 
Bithiocarbonie, 433 
BitMocarbonylic, 433 
Bodecametbylenedicarboxylic, 365 
Elseostearic, 364 
Elaidic, 359 
Erucic, 360 
Erythric, 392 
Ethanetricarboxylic, 411 
Ethanthiolic, 419 
Ethanthiolthiolic, 419 
Ethylacetylenecarboxylic, 360 
Ethylcarbonic, 431 
Ethyleneaminosulphonic, 424 
Ethylenelactie, 389 
Ethyleaesuccinic, 370 
Ethylfumaric, 373 
Ethylliydroxamic, 427 
Ethylideneacetic, 355 
Ethylidenelactic, 386 
Ethylidenepropionio, 356 
Ethylidenesuccinic, 371 
Ethylisopropylmalonic, 369 
o-( 7 -) Ethylitaconic, 373 
Ethylmaleic, 373 
Ethylmalonic, 369 
Ethylmethylacetic, 349 
Ethylnitric, 236 
Ethylsulphonic, 235 
Ethylsulphuric, 108, 235 
Ethylsulpliurous, 235 
Elaveanbydric, 427 
Eormic, 324 

EormotMoliydroxamic, 429 
Eormylacetic, 393 
Fulminic, 428 
Falminuric, 429 
Fumaric, 22, 374 
Galactonic, 392 
Geranic, 358, 363 
Glucoheptonic, 393 


Acid, Gluconic, 392 
Glutaconic, 375 
Glutamic, 424 
Glutaric, 366, 372 
Glyceric, 220, 392 
Glycerophosphoric, 258 
Glycolglycollic, 384 
Glycollic, 379, 384 
Glycolsulphuric, 256 
Glycoluric, 433 
Glycuronie, 393 
Glyoxylic, 393 
Gulonic, 392 
Heptoic, 349 

Heptylacetylenecarboxylic, 360 
Heptylsuccinic, 371 
Hexahydrostearic, 364 
Hexantetroloic, 392 
Hexylacetylenecarboxylic, 360 
Hexylsuecinic, 371 
Hippuric, 423 
Hydantoic, 433, 435 
Hydracrylic, 389 
Hydrazoic, 426, 434 
Hydrochelidonic, 411 
Hydrocyanic, 427 
Hydromucic, 373 
Hydromuconic, 375 
Hydroxyacetic, 379, 384 
jS-Hydroxyacrylic, 390, 393 
a-(j3-)Hydroxybutyric, 389 
a-Hydroxycaproic, 389 
Hydroxy citric, 419 
Hydroxyethylsulphonic, 257 
a-(i 8 )-Hydroxyglutaric, 400 
o-Hydroxyisobutyric, 389 
a-Hydroxyisovaleric, 389 
Hydroxymalonic, 399 
Hydroxjnnethylsulphonic, 257 
a-Hydroxymyristic, 389 
Hydroxyoleic, 390 
a-Hydroxypalmitic, 389 
/ 8 -Hydroxypelargonic, 390 
a-Hydroxypropionic, 386 
iS-Hydroxypropionic, 389 
a-Hydroxy stearic, 389 
Hydroxysuccinic, 399 
a-Hydroxyvaleric, 389 
Hypoggeic, 358 
Ichthyolsulphonic, 103 
Idonic, 392 

Iminoditbiocarbamie, 433 
Iminodithiocarbonic, 433 
Iminothiocarbamic, 433 
; 8 -Iodopropionic, 378 
Isethionic, 257 
Isoamylmalonic, 369 
Isobutylaticonic, 375 
Isobutylfumaric, 373 
Isobutylmaleic, 373 
Isobutylmalonic, 369 
Isobutyric, 349 
Isocrotonic, 22, 355 
Isocyanic, 427 
s Isoerucic, 360 

a-{j8) Isofulminuric, 429 
Isolinolenic, 364 
Iso-oleic, 359 

Isopropylacetylenecarbo xylic ,360 
Isopropylfumaric, 373 
7 -Isopropylitaoonic, 373 
Isopropylmaleic, 373 
Isopropylmalonic, 369 
IsosaccWinic, 392 
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Acid, Isosuccinic, 371 
Isovaleric, 34:9 
Itaconic, 374 
Itamalic, 400 
Jecorinic, 364 
jS-Ketobutyiic, 396 
Lactic, 383, 386 
Laurie, 320, 360, 362 
Leucinic, 389 
Levulinic, 390, 397 
Lignoceric, 320 
Linolenic, 364 
Linolic, 363 
Lysonic, 392 
Malamic, 421 
Maleic, 22, 374 
Malic, 399, 421 
Malonic, 368, 437 
d-Manuonic, 392 
Margaric, 350 
. Melissic, 351 
Mesaconic, 22, 374 
Mesotartaric, 401 
Mesoxalic, 399, 410 
Metacrylic, 356 
Metasaccharinic, 392 
Methionic, 228, 257 
MethylacetylenecarboxyKc, 360 
a-Methylacrylic, 356 
3-Methylacrylic, 355 
^-Methyladipic, 372 
Methylbutylmalonic, 369 
l-Methylcyclohexylideiie-4'acetic, 20 
Metbylenedisulphonic, 257 
7 *Methylene- 7 -metliylpyrotartaric, 373 
Methylenesucoinic, 374 
Methyletbylglycollie, 389 
Methylethylitaconic, 373 
Methylethylmaleic, 373 
Methylethylmalonic, 369 
MetLylfumaric, 374 
Metbylisobutylmalonic, 369 
Metliylisopropylmaleic, 373 
Metbylisopropylmalonic, 369 
a-( 7 -) Metkylitaconic, 373 
Metbylmaleic, 374 
Metbylmalonic, 369 
Methylmethyleneacetic, 356 
Methylpropiolic, 361 
Methylpropylmaleic, 373 
Metiiylpropylmalonic, 369 
Monocbloroacetic, 379, 383 
Monothiocarbamic, 433 
Monothiocarbonic, 433 
Monothiocarbonylamic, 433 
Monotbiocarbonylic, 433 
Mucie, 410 
Muconic, 376 
Myristic, 350 

JMitrohydroxylaminie, 246 
Ifonoic, 349, 360 
ISTonylacetylenecarbosylic, 360 
(Bnautliic, 934 
Oleic, 358 
Oleic, 359 
Oxalacetic, 410 
Oxalic, 366 
Oxaluric, 435 
Oxamic, 421 
Palmitic, 350 
Parabanic, 435, 436 
Paralactic, 389 
Paratartaric, 401 
Pelargonic, 349 
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Acid, Pentadecoic, 320 
Pentylmalonic, 869 
Pertliiocyanic, 429 
Picric, 303 
Pimelic, 365 
Pivalic, 349 

as. Propanetricarboxylic, 411 
s. Propanetricarboxylic, 370, 411 
Propargylic, 361 
Pxopinoic, 361 
Propiolic, 361 
Propionic, 348 

Propylacetylenecarboxylic, 360 
Propylfumaric, 373 
Propylitaconic, 373 
Propylmaleic, 373 
Propylmalonic, 369 
Propylsuccinic, 371 
Pseudouric, 437 
Purpuric, 435 
Pyrociiiclionic, 375 
Pyroligneous, 335 
Pyrotartaric, 372 
Pyroterebic, 357 
Pyruvic, 383, 396 
Racemic, 21, 400 
Rhamnoliexonic, 393 
Rbodanic, 429 
Rhodinic, 358 
Ribonic, 392 
Ricinelaidinic, 390 
Ricinoleic, 390 
Ricinoleinsulphonic, 390 
Roccellic, 365 
Rubeanhydrio, 427 
Saccharic, 410 
Saccharinic, 392 
Salicylic, 212 
Sarcolactic, 389 
Sativic, 364 
Sebacic, 358, 365, 372 
SorbiCj, 363 
Stearic, 350 
Stearolic, 358, 362 
Suberic, 365, 372 
Succinamic, 421 
Succinic, 370 
Talonic, 392 
Tariric, 362 
Tartaric, 21, 400 
Artificial, 410 
Manufacture of, 407 
Tartronic, 220, 399 
Taurocliolic, 257, 424 
Telfairic, 364 
Teraconic, 373 
Teracrylic, 357 
Terebic, 357 
Terebinic, 400 
Terpenylic, 357 
Tetrabromostcaric, 304 
Tetracetylenedicarboxylie, 376 
Tetrahydroxy.stearic, 364 
Tetrolic, 356, 361 
Thioacetic, 419 
Thiocyanic, 429 
Tliiocyaiiuric, 429 
Tiglic, 357 

Tricarballylic, 303, 376, 411 
Trichloroacetic, 378 
Trihydroxyglutaric, 410 
Trimesic, 393 
Trimethylacetic, 349 
oa^-Trimethylfcricarballylie, 376 
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Acid, Trithioearbonic, 433 
Undecenoic, 358 
Undecoic, 350 
Undecolic, 361 
Uric, 435 
Valeric, 349 
Vinylacetic, 354 
j8-Vinylacrylic, 363 
Violuric, 437 
Xanfchic, 434 
Xanthonic, 434 
Xylonic, 392 
Acidol, 424 

Acids, Affinity constants, 321 

Heats of neutralisation of organic, 26 
^ Alkylsulpbonic, 233 
Alkylsulpburic, 235 
Amino, 422 
Dibasic, 234 
Dihydroxystearic, 389 
Di^lefinedicarboxylic, 376 
Halogenated, 377 
Heptonic, 393 
Hexabromostearic, 364 
Hexahydroxystearic, 364 
Hexonic, 392 
Homoaspartic, 425 
Hydroxamic, 246, 427 
Hydroximic, 427 
Hydroxy, 383 

Hydroxyolefinecarboxylic, 389 
a-Ketonic, 395 
iS-Ketonic, 395 
7 -Ketonic, 396 
jK.etonic dibasic, 410 
Lactic, 20, 385 
Monobasic, 234 
Monobasic aldebydic, 393 
Monobasic ketonic, 394 
Olefinecarboxylic, 351 
Olefinedicarboxylic, 373 
Poly basic fatty, 364 
Pyrotartaric, 372 
Saturated dibasic, 364 
Saturated monobasic fatty, 319 
Succinic, 370 
Tartaric, 21, 400 
Tetrabasic, 376 
Tribasic, 234, 376 
Unsaturated dibasic, 373 
Unsaturated monobasic fatty, 351 
Unsaturated monobasic, of the S( 
CnH2n-402, 360 
with two double bonds, 362 
with three double bonds, 364 
with triple linking, 360 
Aconitum napellus, 376, 411 
Acraldehyde, 251 
Acrolein, 251 
Acroleinammonia, 252 
Acrose, 393 
Adenine, 436, 441 
Affinity constants, 321 
Agglutinins, 139 
Agro cotto, 414, 415 
Alanine, 389, 423 
Albumin, Living, 137 
Alcohol, Absolute, 130, 172 
Acetoisopropyl, 398 
Acetone, 397 
Allyl, 216, 327 
Amyl, 126, 165, 215 
Butyl, 125, 126, 214 
Caproyl, 215 


Alcohol, Capryl, 215 
Ceryl, 126, 215 
Cetyl, 215 
Decyl, 126 
Denatured, 176 
Dodecyl, 126 
Ethyl, 130 
Glycide, 258 
Eeptyl, 126, 215 
Hexadeeyl, 126, 215 
Hexyl, 215 
Isobutyl, 126, 215 
Isohexyl, 215 
Isopropyl, 126, 214 
Melissyl, 216 
Methyl, 127-130, 173 
Myricyl, 126, 216 
Nonyl, 126 
Octodecyl, 126 
Octyl, 126, 215 
ORnanthyl, 215 
of crystallisation, 126 
Pentadeeyl, 126 
Propargyl, 216 
Propyl, 126, 214 
TetradecyJ, 126 
Tridecy], 126 
Undecyl, 126 
Vinyl, 216 

Alcohol, Amylo process, 155 
Denaturation, 176 
Effront process, 167 
Fiscal regulations, 179 
from beet, 168 
from calcium carbide, 171 
from fruit, 167 
from lees, 169 
from molasses, 166 
from sulphite liquors, 169 
from vinasse, 1 69 
* from wine, 169 
from wood, 167 
Industrial preparation of, 140 
meters, 173 
motors, 178 
Hectification of, 164 
Solid, 131 
Statistics, 179 
Synthetic, 171 
Tests, 172, 174 
Windisch’s Table, 175 
Yield, 153 
Alcohols, 123 

Aldehydic, 393 
Constitution of, 124 
Derivatives of monohydric, 226 
of polyhydric, 256 
Dihydric, 216 
Higher monohydric, 214 
Ketonic, 394, 397 
Nomenclature, 125 
Polyhydric, 217, 224 
Primary? 124, 125 
Saturated monohydric, 124, 126 
Secondary, 124, 125 
Tertiary, 124, 125 
Tetrahydric, 224 
Trihydxic, 217 
Unsaturated, 216 
Alcoholene, 178 
Alcoholism, 130, 184 
Alcoholometer, Gay-Lussac, 174 
Tralles, 174 
Alcoholometry, 174 
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Aldehyde-ammonias, 245 
Aldehydes, 116, 124, 243, 244 

Determination by Strache’s method, 255 
SchifE’s reagent for, 246 
with unsaturated radicals, 251 
Aldehy do- catalase, 134 
Aldoketenes, 256 
Aldol, 393 
Aldols, 245 
Aldoximes, 246 
Alembics, 158 
Algae, 68 

Alipliatic compounds, 29 
Alipine, 119 
Alkoxides, 124 
Alkyl halides, 114 
Estimation of, 120 
Alkylenes, 106 
Alkylhydrazines, 241 
Alkylhydroxylamines, 241 
Alkylisoureas, 432 
Alkyls, 30 
Allantoin, 436 
Allene, 109, 374 
Alloisomerism, 21, 22 
Alloxan, 435 
Alloxanthine, 436 
Allyl bromide, 123 
chloride, 123 
iodide, 123 
isothiocyanate, 430 
mustard oil, 430 
thiocyanate, 430 
Allylene, 110, 375 
Amber, 370 
Amidases, 183 
Amides, 253, 419 

of carbonic acid, 431 
of hydroxy-acids, 421 
Amidines, 238, 425, 426 
Amido-chlorides, 425 
Amidoximes, 427 
Amimides, 42£; 

Amines, 239 
Amino-acids, 419 

DeriTatives of, 422 
Aminoguanidine, 434 
Ammelide, 431 
Ammeline, 431 
Ammonal, 311 
Ammonearbonite, 307 
Ammonium carbamate, 431 
cyanate, 428 
ichthyolsulphonate, 103 
thiocyanate, 429 
Amygdalin, 136 
Amylacetylene, 399 
Amylase, 133, 134 
Amylene, 109 
hydrate, 215 
Amylo process, 155 
Amylodextrin, 141 
Amylomyces Rouxii, 155, 156 
Ansesthesia, 114, 118 
Anaesthetics, 118 
Analysis, Elementary, 8 
Qualitative, 7 
Quantitative, 8 
Anhydrides, 380 
Internal, 380 
Mixed, 380 
Antialdoximes, 253 
Anti-bodies, 138 
Antiketoximes, 253 


Antilactase, 138 
Antimorphine, 138 
Antipepsin, 138 
Antirennet, 138 
Antiricin, 138 
Antiseptics, 151 
Antitoxins, 138 
Arabitol, 225 
Arginine, 392 
Aromatic compounds, 29 
Arrack, 190 
Arsines, 242 

Artificial parthenogenesis, 138 
Ascomycetes, 133 
Asparagine, 20, 424 
Aspartamide, 425 
Aspergillus oryzse, 155 
Asphalte, 99 
Artificial, 99 
mastic, 09 
Asphaltite, 100 
Astatki, 77, 86 
Asymmetric syntheses, 137 
Asymmetry, Absolute, 22 
Relative, 22 
Atole, 190 
Atractylin, 248 

Attenuation of fermented liquids, 153. 154, 
207 

Axite, 302 
Azides, 426 

Azodicarbonamicle, 434 

Bacillus aceticus, 145, 340 
acidi Isevolactici, 389 
acidificans longissimus, 152 
butylicus, 214 
Delbriicki, 149 
ethaceticus, 392 
saprogenes vini, 404 
Bacteria, Acetic, 145, 340 
Butyric, 145 
Chromogenic, 133 
Lactic, 145 
Pathogenic, 133 
Reproduction of, 132 
Saprophytic, 133 
Zymogenic, 133 
Bacteriology, 132 
Baekelite, 370 
Balling's Table, 200 
Ballistite, 300 
Barley, 192 

Malting of, 195 
Bases, Aminio, 239 
Ammonium, 239 
Arsonium, 242 
Tminic, 239 
Nitrilic, 239 
Primary, 239 
Quaternary, 239 
Secondary, 239 
Tertiary, 239 

Beckmann rearrangement, 253 
Beer, 191 

Alcohol -free, 211 
Analysis, 211 
Attenuation, 207 
Cask pitching, 200 
Composition, 21 1 
Detection of antiseptics in, 212 
Fermentation, 204 
Mashing, 201 
Pasteurisation, 210 
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Beer, Racking, 209 
Statistics, 212 
Benzene from naphtha, 87 
Benzine, Crude, 84 
Benzoyl, 15 
Bergamot, 413 
Betaine, 385, 423 

hydrochloride, 423 
Bilineurine, 257 
Biogen theory, 137 
Bismuth trihromophenoxide, 122 
Bisulphite aldehyde compounds, 244 
Bitumen, 99 
Biuret, 133 
Blastomycetes, 133 
Blood, 137 
Boghead coal, 100 
Boiling point, 2, 25 
Boudineuse, 284, 300 
Brandy, 190 
Bromoacetylene, 123 
Butandiene, 113 
Butandiine, 114 
Butandione, 398 
Butanes, 37 
Butanolone, 398 
Butanols, 214 
Butanone, 256 
Butantetrol, 225 
Butenes, 109 
Butyl iodides, 117, 118 
Butylenes, 109 
Butyramide, 421 ' 

Butyrolactone, 384 
Butyryl chlorides, 380 


Cacao butter, 437 
Cacodyl, 15, 242 
* chloride, 242 
oxide, 242 
Cadaverine, 257 ' 

Caffeine, 438 
Calcium acetate, 337 
butyrate, 348 
carbide, 11 
citrate, 415, 417 
cyanamide, 430 
dilactate, 388 
etlioxidc, 214 
formate, 328 
lactate, 388 
oxalate, 368 
tartrate, 401 

Calorimeter, Junker’s gas, 61 
Cannel coal, 100 
powder, 305 
Capillarimeter, 176 
Caprylene, 109 
Caps, 309 
Carbamide, 432 
Carbamidyl chloride, 432 
Carbazide, 433 
Carbencs, 99 
Carbinol, 125, 127 
Carbocyclic compounds, 29 
Carbodiimide, 18, 430 
Carbodiphenylimide, 430 
Carbodynamite, 284 
Carbohydrazide, 433 
Carbon, Asymmetric, 19 
chains, 16 
Estimation of, 8 
oxychloride, see Phosgene. 


Carbon sulphochloride, 433 
tetrachloride, 122 
Valency of, 15 
Carbonic acid esters, 431 
Carbonite, 284, 307 
Carbonites, 306 
Carboxyl, 124 
Carbyl sulphate, 257 
Carbylamines, 238 
Cart-grease, 98 
Castor oil, 390 
Catalases, 135 
Catalysts, Inorganic, 136 
Organic, 136 
Cellase, 134 
Cerasin, 69, 105 
Cereals, Starch-content of, 141 
Cerotene, 109 
Cerotin, 215 
Ceryl cerotate, 216 
Chamberland flasks, 147 
Champy drums, 272 
Charcoal, Wood, 268 
Chartreuse, 190 
Cheddite, 305 
Chiea, 190 

Chlamydomucor oryzse, 155 
Chloral, 251 
hydrate, 251 
Chloralamide, 421 
Chloramides, 238 
Chloranhydrides, 379 
Chloretone, 119 
Chlorhydrins, 107, 217, 257 
Chlorimides, 238 
Chlorocruorin, 137 
Chloroethane, 117 
Chloroform, 118 
Pictet, 119 
Tests for, 120 
Chloromethane, 116 
Chlorophyll, 133 
Chloropicrin, 236 
a-Chloropropylene, 123 
Chocolate, 437 
Cholestrophane, 436 
Choline, 257 

Chronograph, Le Boulenge’s, 317 
Cider, 190 
Citral, 216, 262, 416 
Citrates, 418 
Citrdmyces citricus, 412 

Pfefferianus and Glaber, 412 
Citronellal, 252, 358 
Citronellol, 216 
Citrus bergamia, 413 
industry, 413 
limetta, 413 
limonium, 413 

Classification of organic substances, 29 
Coagulation, Enzymic, 134 
Coal, Cannel, 100 

-dust in mines, 34 
for gas, 39 
gas, 38 
tar, 99 
Cocaine, 119 
Cocci, 133 
Cocoa, 437 
Coffee, 438 

substitutes, 439 
Cognac, 190, 191 
Collodion cotton, 285, 294 
Combustion furnace, 8 



INDEX 


448 

Condensation, AldeKyde, 245 
Aldol, 245 

Condenser, Liebig’s, 2 
Conductivity, Electrical, 29 
Conidia, 133 
Coniine, 20, 110 
Conylene, 110 
Coolers, Wort, 204 
Cordite, 287, 302 
Cracking of oils, S7 
Cream of tartar, 401, 402 
Creatine, 435 
Creatinine, 435 
Cremonite, 305 
Creosote oil, 99 
Crotonaldebyde, 252 
Crotonylene, 110 
Crushers, 262, 316 
Crystalline form, 24 
Crystallisation, 2 
Crystals, Hemihedral, 19 
Liquid, 139 
Mixed, 23 
Cura9ao, 191 
Cyamelide, 427 
Cyanamide, 18, 430 
Cyanates, 427 
Cyanide black, 104 
Cyanides, Alkyl, 237 
Cyano- acids, 377 
Cyanogen, 427 
chloride, 427 
compounds, 427 
of coal-gas, 50 
sulphide, 429 
trichloride, 427 
Cyanohydrins, 238 
Cyanurtriamide, 431 
Cyclic compounds, 106 
Cycloheptanone, 357 
Cyclohexane, 71 
Cyclo-olefines, 29 
Cycloparaffins, 29 
Cyclopentane, 71 
Cyclopropane, 106 
Cymene, 252 
Cymogen, 37 
Cynarase, 139 
Cysteine, 396, 424 
Cystine, 396, 424 
Cytase, 134 


Lecane, 32 

Degree of dissociation, 322 
fermentation, 153 
viscosity, 90 
Degrees Brix, 153 
Dehusker, 145 
Denaturants, 177 
Denatured alcohol, 176 
Densimeter, Legal, 207 
Dephlegmators, 77, 158, 162 
Derricks, 66, 74 
Desichthyol, 103 
Desmobacteria, 133 
Desmotropy, 18 
Detonation, 258 
Detonators, 309 
Dextrase, 147 
Dcxtrinase, 134, 204 
Diacetamide, 421 
Diacethydrazide, 426 
Diacetyl, 398 


Diacetylene, 114 
Diacetylglycol, 217 
Dialdehydes, 393 
Diallyl. 110 
Diamalt, 140 
Diamino-acids, 424 
Diastase, 133, 134, 141 
Diastofor, 140 
Diazo-compounds, 241 
Diazoguanidine, 434 
Diazomethane, 242 
Dibutyramide, 421 
Dicetyl, 32 
Diehloretbane, 118 
Dichlorhydrin, 257 
Dichlormethane, 118 
Dicyanodiamide, 431 
Dieline, 122 
Diethylamine, 241 
Diethylcarbinol, 126, 243 
Diethylcyanamide, 431 
Diethylenediamine, 257 
Diethylsulphone,_233 
Diethylthiourea, 434 
Diglycerol, 218 
Diglycoilamides, 421 
Diglycollimide, 421 
Dihydrazides, 426 
Dihydroxyacetonase, 147 
Dihydroxyacetone, 147, 398 
Dihydroxydiethylamine, 257 
Di-isobutyramide, 421 
Diketobutane, 398 
Diketohexane, 399 
Diketonamines, 252 
Diketones, 398 
Dimethylacetamide, 420 
Dimethylacetol, 398 
Dimethylamine, 241 
Dimethylarsenic acid, 242 
chloride, 242 
Dimethylarsine, 242 
Dimethylcarbinol, 214 
Dimethylethylcarbinol, 126, 215 
Dimethylglyoxime, 398 
Dimethylmethane, 36 
Dimethyloxamide, 240 
Dimorphism, 24 
Dinitroacetylglycerine, 274 
Dinitroethanc, 237 
Dinitroformylglycerine, 274 
Dinitroglyccrine, 273 
Dinitromcthane, 237 
Dinitromonochlorhydrin, 274 
Diolefines, 109 
Diplococci, 133 
Dipropargyl, 114 
Dipropion amide, 421 
Distillation, Fractional, 2, 75 
of fermented liquids, 158 
'Theory, 3 
Vacuum, 4 
■\W)od, 330 

Distillery residues, Utilisation, 182 

Disul])hicles, 233 

Disiilphoxides, 233 

Dithioglycol chloride, 257 

Dithiourethane, 434 

Diureides, 435 

Docosane, 32 

Dodeeane, 32 

Donnar, 305 

Donniol, 1 19 

Dotriaeontane, 32 
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Dropping-point of fats, 0 
Drying ovens for exi^losives, 27], 204 
Dulcitol, 220 
Durra, 141, 182 
Dynamites, 273, 282 
Analysis, 313 
Gelatine, 298 
Gelatinised, 299 
Gum, 298 
Manufacture, 283 
Properties, 284 
Safety, 284 
with active bases, 285 
with inert bases, 283 

E^ullioscope, 176 
Echinochrom, 137 
Effusiometer, Bunsen’s, 02 
Ehrlich’s side chain theory, 138 
Eicosane, 32 

Electi!tcal conductivity, 29 
Rmulsin, 134 
Emulsor, Kuhlmann, 278 
Dnantiomorphism, 20 
Enantiotropv, 130 
Enzymes, 23, 133, 134 

Equilibrated action, 130 
Synthetic action, 130 
Epichlorhydrin, 258 
Erythrene, 109 
Erythritol, 109, 225 
Erythrodextrin, 141 
Esters, 124, 234 
Ethanal, 250 
Ethanamide, 421 
Ethanamidine, 426 
Ethandial, 393 
Ethandiol, 217 
Ethane, 24, 36 

Polychloro -derivatives of, 122 
Ethanol, 130 
Ethene, 108 
Ethenol, 210 
Ether, 228 

Industrial preparation, 230 
Petroleum, 37, 76 
Properties, 228 
Pecovery from air, 231 
Tests, 232 
Uses, 231 
Ethers, 220 
Ethine, 30, 111 
Ethyl, 30 

acetate, 395 
acetoacetate, 395, 390 
bromide, 115 
bromopropionate, 309 
carbonate, 431 
chloride, 115, 117 
chloracetoacetate, 397 
chlorocarbonate, 431 
chloroformate, 43 1 
cyannrate, 427 
diacetylsuccinate, 397 
diazoacetate, 385, 424 
dichloroacetoacetate, 397 
fluoride, 115, 117 
formate, 328, 395 
hydrosulphide, 233 
hydroxycrotonate, 394 
iodide, '115, 117 
isocyanate, 428 
isocyanurate, 428 
inalonate, 308 
VOL. TI. 


Ethyl methyl ketone, 250 
mustard oil, 430 
nitrate, 235 
nitrite, 235 
oxalate, 240 
peroxide, 232 
hydrate, 232 
phosphate, 234 
sodioacetoacetate, 396, 397 
sodiomalonate, 369 
sodiomethylmalonate, 309 
sulphate, 235 
sulphide, 234 
sulphite, 235 
sulphoxide, 234 
thioacetate, 419 
thiocyanate, 429 
Ethylaeetaniide, 420 
Ethylacetamido -chloride, 425 
Ethylacetimino-chloride, 425 
Ethylacetylene, 110 
Ethylamine, 241 

ethyldithiocarbamate, 434 
hydrochloride, 420 
Ethylcarhinol, 214 
Ethyl cyanamide, 431 
Ethylene, 106, 108 
bromide, 118, 217 
chloride, 118 
cyanide, 256 
iodide, 118 

monothiohydrate, 257 
oxide, 250 

Polychloro -derivatives, 122 
Ethylenecyanohydrin, 250 
Ethylenediamine, 257 
Ethylhydrazine, 246 
Ethylidene chloride, 118 
Ethylidene compounds, 118 
Ethylideneacetone, 398 
Ethylidenecyanohydrin, 238, 256 
Ethylmagne*sium bromide, 243 
Ethylmercaptan, 233 
Ethylsulphone, 234 
Ethylurethane, 432 
Etiline, 122 
Eucaine, 119 
Excelsior mill, 200, 269 
Exhausters, 53 
Explosion, 258 

by influence, 265 
Determination of, 264 
Heat of, 259 
Pressure of gases, 261 
Velocity of combustion, 263 
projectiles, 317 
reaction, 263 
Volume of gases, 261 
wave, 262 

Explosive, Favier’s, 263, 304 
Explosives, 258 

Abel’s test for, 314 
Analysis of, 313 
Charging density of, 262 
Classification of, 266 
Destruction of waste, 312 
Hon-congealing, 274, 276 
Progressive, 203 
Safety, 35, 305 
Sensitiveness of, 315 
Shattering, 263, 303 
Sprengel’s, 304 
Stabilisation of, 292 
Statistics of, 319 

29 
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Explosives, Storage of, 312 
Theory of, 259 
Uses of, 318 

Eats, Consistent, 90 

Dropping-point of, 6 
Eehling’s solution, 255, 400 
Fermentation, Alcoholic, 132, 145, 152, 204 
Lactic, 151, 387 
Fibrinogen, 137 
Firedamp, 34, 305 
Fishery statistics, 69 
Fodder, Molassic, 166 

Nutritive value of, 182 
Forcite, 298 
Formaldehyde, 247 
Formalin (Formol), Analysis of, 247 
Formamide, 421 
Formates, 327 
Formhydrazide, 426 
Formins, 257 
Formolite reaction, 71, 91 
Formula, Constitutional, 15, 17 
Empirical, 13 
Structural, 15, 17 
Formula, Rational, IS 
Unitary, 15 
Formyl chloride, 379 
Formyloxime chloride, 427 
Francoiite, 104 
Fruit essences, Artificial, 349 
Fulgurite, 284, 304 
Fuller’s earth, 80, 89 
Fulminate of mercury, 308 
Analysis of, 308 
Fumaria officinalis, 374 
Furfuraldehyde (Furfural), 173 
Furnace, Combustion, 8 
Gr0;S 45 

Fusel oil, 109, 14G, 165, 172 
Fuses, 309 

Bickford, 310 
Fjlectric, 311 

Galalith, 250 
Galazin, 191 
Gas, Air, 60 
Blue, 58 

Illuminating, 38 et 
Marsh, 33 
meters, 56 
Oil, 65, 98 
producer, 45, 60 
Riche, 60 
Water, 58, 98 
Gases, Permanent, 34 
Gasolene, 37, 76 
Gasometers, 54 
Gaultheria procumbens, 127 
Gelatine, Blasting, 285 
dynamites, 285, 29S 
Gelignite, 298 
Geranial, 252 
Geraniol, 216, 252 
Gin, 190 

Glass, Hardened, 94 
Glonoin, 275 
Glutarimide, 422 
Glyeeraldeliyde, 393 
Glycerides, 218 

Glycerol (Glycerine), 36, 146, 217 
Jndusinial preparation, 220 
Qualities of, 223 
Refractive index, 219 


Glycerol, Statistics, 223 
Tests for, 223 
Uses, 220 
Glycerose, 398 
Glyceryl trinitrate, 258 
Glycine (Glycocoll), 379, 385, 423 
Glycocyamidine, 435 
Glycocyamiue, 434 
Glycogen, 137 
Glycol, 217 
Glycol acetates, 256 
chlorohydrin, 256 
dinitrate, 256 
Ethyl ethers of, 256 
mercaptan, 257 
Glycollamide, 421 
Glycollic aldehyde, 303 
Gly collide, 384 
Glycols, 216 

Propylene, 217 
Glycolsulplmric acid, 256 
Glycosine, 393 
Glyoxal, 393 
Glyoxaline, 393 
Glyoxiline, 284 
Goudron, 90 
“ Grains,” 203 
Grape must, 186 
Greek fire, 266 
Green naphtha, 102 
oil, 103 

Schweinfurth’s, 348 
Grisounite, 307 
Guanamines, 434 
Guanidine, 434 

Amino derivative of, 434 
Diazo, 434 
nitrate, 434 

Nitro- derivative of, 434 
Guanine, 436, 440 
Guncotton, 285 

Compression of, 293 
Manufacture of, 288 
Properties of, 287 
Pulping of, 292 
Stabilisation of, 292 
Thomson and Nathan’s process for, 200 
Uses of, 293 
Gunpowder, 266 

Manufacture, 267 

Hmmocyanin, 137 
Heemoerythrin, 137 
Hemoglobin, 135 
Halides, Acid, 377, 379 
Halogens, Detection of, 7 
Estimation of, 12 
Hansena fermentation vessels, 208 
Hardened glass, 04 
Heat of combustion, 25 
explosion, 259 
formation, 25 
of explosives, 259 
neutralisation, 26 
Hcdonal, 119 
Helianite, 328 
Heneicosane, 32 
Hentriacontane, 32, 37 
■ Henze autoclaves, 113 
Hcptachloropropane, 1 2*1 
Kcptacosanc, 32, 37 
Heptadecanc, 32 
Heptaldehyde, 251 
Heptane, 32, 37 
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Heracleum gigauteum, 127, 130, 215 
spoiidylium, 215 
Heterocyclic compounds, 29 
Hexacetylmaiinitol, 224 
Hexacontane, 32, 37 
Hexacosane, 32 
Hexadecane, 32 ■ 

Hexadione, 399 
Hexamethylbenzenc, 111 
Hexamethylene, 10(5 
Hexamethylenetetramine, 187, 248 
Hexandiine, 114 
Hexanes, 32, 37 
Hexanhexol, 225 
Hexanitroetiiane, 237 
Hlxanol, 215 
Hexine, 110 
Holocaine, 119 
Homoasparagines, 425 
Honioioify, 24 
Hops, 193 

Decoction of, 203 
Humulus lupulus, 193 
Hydantoin, 433, 435 
Hydramine, 257 
Hydraulic gas main, 45 
press, 270 
Hydrazides, 426 
Hydrazodicarbonamide, 434 
Hydrazones, 246 
■ Hydrocarbons, 29, 31 
of petroleum, 71 
of the CnH 2 n -2 senes, 109 
of the CnH 2 n -4 and OnHon-c series, 114 
Saturated, 29, 31 
Unsaturated, 29, 106, 116 
with triple linkings, 110 
Hydrogen, Estimation of, 8 
Nascent, 33 
Typical alcoholic, 124 
Hydrolysis, 125, 442 
Enzymic, 134- 
Hydroxy-acids, Higher, 380 
poly basic, 419 
Polyvalent dibasic, 399 
monobasic, 391 
tribasic, 411 

Saturated monobasic, 383 
Unsaturated monobasic, 389 
;8-Hydroxybutyraldehyde, 245 
Hyciroxyethylaminc, 257 
Hydroxyethyltrimethylammoniiim hydrox- 
ide, 257 

Hydroxylamine, 235 

derivatives of acids, 427 
Hydroxymethyleneacetone, 396, 399 
Hydroxymethyleneketones, 399 
Hydroxynitriles, 238 
Hyphomycetes, 133, 155 
Hypnotics, 118 
Hypoxanthine, 436 

Ichthyoform, 104 
Ichthyol, 103 
Ichthyolsulphonates, 103 
Iditob 226 
Illuminating gas, 38 
Analysis of, 60 
Calorific value of, 39, 61 
Composition of, 40 
History of, 38 
Lighting power of, 62 
meters, 56 _ 

Physical apd chemical testing of, 60 


Iliuniinatiug gas. Price of, 58 
Properties of, 40 
Purification of, 45 d scf/. 

Separation of naphthalene from, 46 
Statistics of, 59 
Yield of, 58 
Imides, 421 
Iminocarbamide, 434 
Iminocarbamideazide, 434 
Iminochlorides, 425 
Iminoethers, 420, 422 
Iminothioethers, 425 
Iminourea, 434 
Index of refraction, 27 
Injectors, Korting, 53 
Invertase (Invertin), 131 
Iodoform, 121 

reaction, Liebeii’s, 13 i 
Tests for, 122 
lodopropane, 117 
lodourethane, 432 
Ironac, 328 
Isobutane, 37 
Isobutyl iodide, 1 1 S 
Isobut^dcarbinol, 126, 215 
Isobutjramide, 421 
Isocyanates, 427 
Isocyanides, 238 
Isocychc compounds, 29 
Isoleucine, 424 
Isology, 24 
Isomaltose, 136 
Isomelamine, 431 
Isomerides, 17 

Boiling-points of, 25 
Melting-points of, 25 
Metameric, 18 
Optical, 20 
Bacemic, 21 
Isomerism, 15, 17 
Cis- and trans-, 22 
Space, 19 

Isonitriles, 237, 238, 240, 427 
Isonitrosoketones, 253, 398 
Isopentane, 37 
Isoprene, 109, 113 
Isopropyl iodide, 116, 117 
Isopropylacetylene, 1 10 
Isovaleryl chloride, 380 
Isuret, 427 
Ivory, Artificial, 351 

Kephir, 139, 191 
Kerosene, 72 
Ketenes, 256 
Keto-aldehydes, 394, 399 
Ketoketenes, 256 
Ketones, 116, 124, 243, 252 
Strache’s estimation of, 255 
Ketonimides, 243 
Ketoximes, 253 

Beckmann’s transposition of, 253 
Kieselguhr, 275, 283 
Kirschwasser, 190 
Koji, 155 
Koumis, 191 
Kratites,‘305 
Kummel, 191 

Laccase, 134 
Lactams, 423 
Lactases, 134 
Lactates, 388 

Lactic acid bacillus. 145, 387 
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Lac tides, 384 

Lactone, Bromobutyric, 355 
Isocaproic, 357 
Lactones, 355, 377, 384 
Lactyl chloride, 389 
Lager beer, 203, 205 
Lamp, Carcel, 62 

Hefner- Alteneck, 62 
Law of Dalton, 5 

Hess-Berthelot, 25 
of refraction, 27 
Lead plaster, 351 
Sugar of, 347 
Leben, 191 
Lecithins, 258 
Lees, Wine, 170, 402, 408 
Lemons, Cultivation of, 413 
Treatment of, 414 
Leucine, 20, 424 
Leucocytes, 139 
Levulinaldehyde, 399 
Life, Origin of, 137 
Light, Polarised, 27, 395 
Sources of, 64 
Standards of, 62 
Ligroin, 37, 76 
Limonene, 416 
Lipase, 134 
Liqueurs, 190 

Liquids, Specific gravity of, 7 
Lithoclastite, 284 
Lupulin, 193, 203 
Lyddite, 303 
Lysine, 392, 424 
Lysins, 139 
Lysoform, 250 

Magnesia, Effervescent, 413 
Maguetic rotation, 28 
Maize, 142, 193 
Malamide, 421 
Malt, 141, 196 

Cleaning of, 200 
Diastatio power of, 199 
' Evaluation of, 199 
Green, 196 
Grinding of, 200 
f Kilning of, 198 
Mashing of, 201 
Maltase, 134, 141 
Malting, 196 

Maltodextrinase, 134, 204 
Maltose, 134, 199 
Mammoth pump, 278 
ManUanite, 305 
Manna, 225 
Mannatriose, 225 
Mannide, 226 
Mannitan, 226 
Mannitol, 225 

Hexacetyl, 224 
Hexanitro, 285 
Maraschino, 190 
Marmite, 149 
Marsala, 190 
Mashing ajiparatus, 201 
Masut, 77, 86 
Medzianldte, 305 
Melam, 431 
Melamine, 431 
Melene, 109 
Melibiase, 134 
Melinite, 303 
Melting-point, 5, 25 


Mcrcaptaiis, 233 
Mercapiidc, Mercuric, 233 
Sodium, 233 
Mercaptols, 252 
Mercury fulminate, 308 
Mesityl oxide, 253 
Mcsitylene, 111 
Metaldehyde, 250 
Mctaleiisy, 15 
Metamerism, IS, 228 
Meters, Alcohol, 173 
Automatic gas, 58 
Dry gas, 56 
Gas, 56 
Methanal, 247 
Methanamide, 421 
Methanamidoxime, 427 
Methane, 24, 33 

Derivatives of, 31 
Industrial uses of, 35 
Preparation of, 35 
Properties of, 34 
Methanol, 127 
Methantliiol, 233 
Mcthene, 10 S 
Methenylamidoxinie, 427 
Me thoxymo thane, 228 
Methyl, 30 

chloride, 116 
cyanide, 238 
ether, 228 
iodide, 117 
isothiocyanatc, 430 
mustard oil, 430 
nonyl ketone, 397 
sulphide, 233 
Mothylacetylurea, 420 
Methylal, 251 
Methylamine, 240 

hydrochloride, 117, 241 
Methylbutanol, 215 
Methylcyanamide, 43 1 
Methylene, 108 

bromide, 115, 118 
chloride, 115, 118 
iodide, 115, 118 
IMcthylethylaeetylene, I 10 
JMcthyletliylcarbinf)!, 2 1 4 
Metliylglyoxal, 399 
Methylho])tonone, 363 
J\rctliyIisoprcj)y]carbin()l, 120 
MeiliylprojKuie, 37 
Methylpropanol, 215 
Meibyluracil, 436 
Methyl uret hane, 426 
IVlicrobcH, 132 
Micrococci, 133 
Blicron, 133 
htilk, 134 

kVrment(Hl, 191 
Molasses, Beet, 100 
Molecular volume, 25 
Monoacetin, 257 
Monoacyl by drazides, 420 
Monochlorhydrin, 257 
Mononitrogly< *eri tie, 274 
Morphine, 138 
Morphoiropy, 24 
Moulds, 132" 

IMucors, 133, 155, 150, 412 
Murexide, 430, 437 
Muscarine, 257 
Mustard, Black, 430 
oils, 430 
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Muta-rotation, 28 
Mycoderma aceti, 340, 341 
vini, 341 
j\[yristin, 350 

Naphtha, 65 

Naphthalene, Estimation in coal-gas 61 
from coal-gas, 46 
Naphthenes, 71 
Neradol, 250 
Neurine, 257 
Nisser powder, 305 
Nitriles, 237, 427 
Nitroacetins, 274 
'Nitrocellulose, 285 
• Gonstitution of, 286 
Nitrochlorhydrin, 274 
Nitro-derivatives, 235 
Nitroethane, 236, 237 
Nitrofojpi, 237 
Nitroformins, 274 
Nitrogen, Detection of, 7 

Estimation by Dumas’ method, 10 
Kjeldabl’s method, 11 
Will and Varrentrapp’s method, 12 
Stereoisomerism of, 22 
Nitroglycerine, 275 
Filtration of, 282 
Manufacture of, 277 
Stabilisation of, 281 
Uses of, 282 
Nitroguanidine, 434 
Nitrohexane, 236 
Nitromethane, 237 
Nitropropane, 237 
Nitrosamines, 240 
Nitrostarch, 285 
Nitrourea, 432 
Nitrourethane, 432 
Nomenclature, Official, 29 
Nonane, 32 
Nonodecane, 32 
Nonyl aldehyde, 251 
Number, Acetyl, 224, 225 
Acetyl acid, 22j5 
Acetyl saponification, 225 
Acid, 105 

Octadiene, 110 
Octane, 32 
Octocosane, 32 
Octodecane, 32 
Octylene, 109 
CEnanthaldehyde, 251 
(Enoxydase, 134 
Oil, Acetone, 255 

Allyl mustard, 430 
(Jastor, 390 
Ethyl mustard, 430 
for gas, 98 

( relatinised vaseline, 93 
Lemon, 415 
.Methyl mustard, 430 
Paraffin, 76 
Paraffin wax, 94 
Propyl mustard, 430 
Resin, 92 
Shale, 102 
Solar, 72, 98 
Turkey-red, 390 
Oil-gas, 64 
Oils, Engine, 92 

Elash-point of, 83, 91 
for gas, 98 


Oils, Heavy, 76 

Mineral lubricating, SO 
Mustard, 430 
Spindle, 92 
^’aselme, 89 
ATscosity of, S3, 90 
Olefines, 106 

Constitution of, 108 
Nomenclature of, 106 
Preparation of, 107 
Table, 106 
Oleine, 358 
Opsonins, 139 
Optical activity, 19, (if) 
antipodes, 23 
properties, 26 

Organo-metallic compounds, 242 
Ornithine, 392, 424 
Ortho -ethers, 324 
Orthoform, 119 
Oxalates, 368 
< )xamide, 421 
Oxidation, Enzymic, 135 
(Jximide, 422 

Oxy-acetylene blow'pipe, 113 
Oxydases, 134 
Oxygenases, 135 
Ozoform, 250 
Ozokerite, 31, 69, 94, 104 
Ozonides, 359 

Palraitates, 350 
Palmitin, 350 
Panclastite, 304 
Paracyanogeii, 427 
Paraffin wax, 94 
Analysis, 105 
Statistics, 106 
Paraffins, 29, 31 
Paraformaldehyde, 248 
Paraglobulin, 137 
Paraldehyde, 246 
Parthenogenesis, Artificial, 138 
Partial pressures, 5 
Pasteur flasks, 147 
Pasteurisation, 186, 210 
Pastinaca sativa, 130 
Penicilliuin glaucum, 23 
Pentacosane, 32 
Pentadecane, 32 
Pentaerythritol, 225 
Pentahydroxypentanc, 225 
Pentaline, 122 

Pentamethylenediamine, 257 
Peiitanediene, 110 
Pentanes, 37 
Pentanol, 205 
Pentatricontane, 32 
Pentenes, 110 
Peptase, 134 
Peroxydases, 135 
Peroxyozonides, 356 
Petrinage, 299 
Petrolene, 99 - 
Petroleum, 65 
coke, 78 

Composition of, 70 
Crude, 70 

Desulphurising of, 80 
Distillation of, 75, 76 
ether, 76, 86 
Extraction of, 73 
Elash-point of, 84 
fountains, 73 
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Petroleum, History of, (55 
Ilhiminating power of, 84 
Optical activity of, 69 
Origin of, 07 
Pipe-lines for, 75 
Properties of, 70 
Purification of, 78 
Eefining of, 78 
residues, 86 

Specific gravity of, 70, 72 
Statistics of, 81 
tanks, 80 

Tests for lighting, 83 
Transport of, 75 
Uses of, 81 
Viscosity of, 83 
Petroline, 76 
Pharaoh’s serpents, 429 
Phenylsuecinimide, 422 
Phlegm, 158 
Phorone, 256 
Phosgene, 118, 431 
Phosjihines, 242 
Phosphorus, Detection of, 8 
Estimation of, 13 
Photogen, 98 
Photometer, Bunsen’s, 63 

Lummer and Brodhun’s, 63 
Phylloxera, 188 
Picoline, 252 
Pierrite, 305 
. Pinacoline, 217 
Pinacones, 217 
Pinnoglohin, 137 
Piperazine, 257 
Piperidine, 110 
Piperylene, 110 
Pitch, 99 
Coal, 99 
Mineral, 99 

Plastering of wines,' 187 
Platiniohlorides, 14 
Polarimeters, 28 
Polarisation of light, 27 
Polyglycerines, 218 
Polymerism, 14 
Polymethylenes, 29 
Polymorphism, 24 
Potatoes, Starch-content of, 13, 141 
Powder B, 296 
Black, 266 

Powders, Brown prismatic, 273 
Chlorate, 304 
Chocolate, 273 
Mining, 267 
Perchlorate, 304 
Prismatic, 272 
Prometheus, 304 

Smokeless, 295, 298, 300, 302, 303 
Smokeless sporting, 267 
Sporting, 267 
Various, 311 
Precipitins, 139 
Pressed yeast, 149 
Propaldehyde, 251 
Propane, 32 
Propanol, 214 
Propanone, 254 
Propantriol, 217 
Propargyl aldehyde, 252 
Propene, 109 
Propenol, 216 
Propine, 110 
Propionamide, 431 


Propionyl chloride, 380 
Propyl iodide, 115 
mustard oil, 430 
Propylcarbinol, 214 
Propylene, 109 
Propylpseudonitrile, 236 
Proteolytic action, 134 
Protococciis vulgaris, 225 
Protol, 218 
Protoplasm, 137 
Pseudoisomerism, 18, 394 
Ptomaines, 257 
Ptyalin, 134 

Purification by physical methods, 2 

Purine, 436 

Putrescine, 257 

Pyropissite, 95 

Pyroxylin©, 285 

Pyrrole, 422 

Pyrrolidine, 422 

Pyrrolilene, 109 

Pyruvic aldehyde, 399 

Kaeomisation, 23 
Kackarock, 304 

Badicles and types, Theory of, 15 
Ecaction, Baeyer’s, 107 

Blank and Einkenboinor’s, 247 
Deniges’, 413 
Formolite, 71 
Grignard’s, 33, 243 
Kamarowsky’s, 172 
Komer and Menozzi’s, 375, 423 
Lieben’s, 121, 129, 131 
Blelsen’s, 339 
Perkin’s, 352 
Eimini’s, 131, 172 

Sabatier and Senderens’, 35, 67, 124 
Schiff’s, 246 
Scudder and Biggs’, 129 
Uffelman’s, 386 
Varrentrapp’s, 350 
AVallach's, 357 
Reactions, Reversible, 136 
Reversible enzymic, 136 
Reagent, Deniges', 413 
Schardingcr’s, 134 
Schiff’s, 172 
Rectification, 3, 158 
of alcohol, 158 
Rectifier, Hem pel, 3 
Perrier, 166 
Savalle, 159 
Reductases, 134 
Refraction constant, 27 
Refractomoter, 83 
Refrigerator for wort, 204 
Hentschei's, 144 
Rennet, 134, 138 
Rhigoicne, 37 

Rhizoporus oligosporits, 155 
Rhodinol, 358 
Rice, 193 

Riehc-Halphen test', 83 
Ricin, 138 
Robin, 138 

Robinia pscudacacia, 138 
Roburite, 36(h 307 
Rochelle salt, 4< ) 1 
Rubber, Synthetic, 109, U,3 
Rum, 190 " 

Saccharimeters, 28 
Sa-ccharometer, Balling 153 
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Saccjiaromyces eerevisi®, 134, 137, 145 184 
fe^cnaroniycetes, 133 ’ 

Salcharone, 410 
Salin, 183 
Salt of sorrel, 308 
Rochelle, 401 
Sanguemelassa, 166 
Saponification, 234 
Saponin, 138 
Sarcosine, 385, 423, 435 
Sawdust, Utilisation of, 333 
Scheelisation, 220 
Schists, Bituminous, 100 
Schizomycetes, 132 
Schizosaccharomyces Pombe, 204 
S^napps, 190 
Schneiderite, 304 
Scrubbers, 48 
Securite, 307 
Semicarbazide, 246, 433 
SeinicftAazones, 24jG, 433 
Separators, Naphthalene, 46 
Tar, 46 

Series, Aliphatic, 29 
Ethylene, 106 
Patty, 29 
Homologous, 24 
Isologous, 24 
Paraffin, 31 
Serine, 424 
Sero-therapy, 138 
Serum, Physiological, 139 
Serum-albumin, 137 
Shale, 100 
Shalonka, 75 
Shimose, 303 
Siperite, 304 

Smokeless powders, 295, 298, 302, 303 
Military, 300 
Soap, 350, 358 
Antiseptic, 79 

Sodium acetonebisulphite, 253 
ethoxide, 131, 214 
Solanine, 138 
Solenite, 302 

Solubility of organic compounds, 25 
Solvents, Non-inflammable, 122 
Sorbitol, 226 
Sorbose bacterium, 226 
Sorrel, Salt of, 368 
Specific gravity, 25 
refraction, 27 
rotation, 28 
Spent wash, 157, 182 
Sphferobacteria, 133 
Spirilla, 133 
Spirit, Crude wood, 128 
Denatured, 173, 176 
of sweet wine, 117 
of wine, 130 
Purification of, 172 
Wood, 128 

Spiritus setheris nitrosi, 117 
Spirobacteria, 133 
Spores, 132 
Stachyose, 225 
Standard scrubber, 48 
Staphylococcus, 133, 151 
Starch, 133 

Estimation of, 141 
Saccharification of, 143 
Steam, Superheated, 4, 77 
Stearine, 350 

Stereoisomerides, Separation of, 23 


Stereoisomerism, 19 
of nitrogen, 22, 253 
Stibines, 242 
Streptococci, 133 
Sublimation, 2 
Succinamide, 421 
Succinanil, 422 
Succinates, 366, 371 
Succinimide, 366, 421, 422, 43(i 
Sucrase, 134 
Sugar of lead, 346 
Sulphonal, 119, 233, 252 
Sulphones, 233 
Sulphonium compounds, 233 
Sulphoricinate, 390 
Analysis of, 391 
Sulphur, Detection of, 8 
Estimation of, 13 
Superheated steam, 4, 77 
Syntheses, Asymmetric, 137 

Talitol, 226 
Tamping, 264 
Tanks, Macdonald, 69 
Weiss, 69 
Tantiron, 328 
Tar, Coal, 99 

Distillation of, 88, 97 
Lignite, 96 
Mineral, 67 
Statistics, 100 
Statistics of lignite, 105 
Wood, 99 
Tartar, 402 

Analysis of, 403 
Cantoni’s process, 405 
Cream of, 401, 407 
emetic, 401 

Goldenberg's process, 403 
industry, 402 
Statistics of, 406 
Tarulli's method, 404 
Tartrates, 401 
Tartrazine, 411 
Taurine, 257, 424 
Tautomerism, 18, 394 
Tea, 439 

Tension theory of valency, 107 
Tetanolysin, 139 
Tetrahromoethane, 122 
Tetrachloroethane, 122 
Tetrachloromethane, 122 
Tetracosane, 32 
Tetradecane, 32 
Tetraline, 122 

Tetralkylphosphonium hydroxide, 242 
Tetramethylarsonium compounds, 242 
Tetramethylenediamine, 257 
Tetramethylmethane, 37 
Tetranitroffiglycerine, 218, 274 
Tetranitroethane, 237 
Tetranitromethane, 237 
Theme, 438 
Theobromine, 437 
Theophylline, 436 
Theory of explosives, 269 
fractional distillation, 3 
radicles, 15 
substitution, 15 
types, 15 

valency, Baeyer’s tension, 107, 366 
Thioacetamide, 238, 425 
Thioacids, 419 
Thioalcohols, 233 
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Thioaldehycles, 24C) 

Thioaniides, 425 
Thioanhydrides, 419 
Thiocarbamide, 434 
Thiocyanates, 429 
Thioethers, 233 
Thioketones, 253 
Thiols, 233 
Thiophosgene, 433 
Thioaerine, 424 
Thiourea, 434 
Thiourethane, 434 
Thyol, 104 
Tonsile, 104 
Toxins, 137 

Velocity of reaction of, 139 
Trauzl’s lead block, 310 
Trialkylphosphine oxide, 242 
Trialkylphosplionium hydroxide, 242 
Triazoformoxime, 428 
Triehloromethane, 118 
Triohloropurine, 43() 

Trioosane, 32 
Tridecane, 32 
Trieline, 122 
Triethylamine, 241 
Triethyl enediamine, 257 
Trieihylsulphonium hydroxide, 233 
iodide, 233 
Triformol, 248 

Trihydroxytriethylamine, 257 
Tri-iodomethane, 121 
Triketonamines, 252 
Trimethylacetyl chloride, 380 
Trimetliylamine, 117, 241 
hydrochloride, 117 
Trimethylbenzene, 111 
Trimethylcarbinol, 215 
Trimethylene, 100 
Trimethylmetliane, 37 
Trimethylsulphonium iodide, 234 
Trinitrocelliilose, 286 
Trinitroglycerine, 258, 275 
Trinitromethane, 237 
Trinitrophenol, 303 
Trinitrotoluene, 304 
Triolein, 358 
Trional, 119 
Trioxymethylene, 248 
Tristearin, 220 
Trithioketones, 253 
Tryptase, 134 
Tumelina, 160 
Turkey-red, 391 
oil, 390 

Tyndall phenomenon, 09 
Typos, Multiple, 16 
Theory of, 10 
Tyrosinase, 138 

Undecane, 32 
Uramil, 437 
Urea, 1, 431, 432 

Alkyl derivatives of, 432 
nitrate, 432 

Nitro- derivative of, 432 
Urease, 139 
Ureides, 433, 435 
Ux’ethane, 432 


Uro-aeids, 435 
* Urotroihne, 187,248 

Valency, 1(> 

d'ension theory of, 107 
Valeraldehyde, 251 
Vaporimeier, Ueissler, 174 
Vaseline, 93 

Artificial, 93 
oil, 89 

Gelatinised, 93 
Velocity of esterification, 23 
Verdigris, 347, 348 
Vermouth, 190 
Veronal, 119 
Vigorite, 307 
Vinasse, 158, 188, 404 
Vinegar, 340 

Adulteration of, 344 
Analysis of, 344 
Artificial, 344 
German xirocess, 341 
Luxemburg process, 342 
Malt, 344 

Michaelis xu’ocess, 342 
mite, 341 
Wine, 344 
worms, 341 

Viscometer, Engler’s, 90 
Vital force, 1 

Waggon-still, 70 
Waterproof fabrics, 340 
AVax, Algte, 08 
Oarnauba, 350 
Chinese, 216, 351 
Japanese vegetable, 350 
Mineral, 94 
Montan, 95 
Paraffin, 94 
AA^estj)halite, 306, 307 
Wetterdinamit, 284, 307 
AVheat, 193 
Wine, 184 

Alcohol-free, 185, 18(5 
Analysis of, 188 
Statistics of, 1 88 
AVood charcoal, 268 
Distillation of, 330 
sxurit, 127, 128 

Poisoning wi Ml, 128 

Xanthine, 430, 441 
Xantliogonainide, 434 
Xeroform, 122 
Xylitol, 225 
Xjdoiclin, 28(5 

A east, 134, 137, 140, 145, MO, 204 
Acclimatised, 151 
Frohl>erg, 204 
industry, 149 
Logos, 204 
ih*essed, 149 
Pun', 147 
Saaz, 204 
AVild, 204 

Zinc alkyls, 33, 213 
lacf.alf\ 388 
Zymase, 134. 139, 147 
Zjmiogen, 205 




